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ELSWICK EXHIBITS OF WAR MATERIALS AT 
THE NEWCASTLE EXHIBITION. 


THE Elswick war materiel may be classed generally 

under the following heads: (1) War vessels complete ; 
(2) ordnance proper sold as separate stores ; (8) mount- 
ings, carriages, ete.; (4) torpedoes and appliances. 
This division may not be that recognized at Elswick, 
but it best meets-our present purpose. Under the 
heading of war vessels complete would come the Victo- 
ria—formerly called the Re- 
nown—with her 1104¢ ton 
guns, 10 in. gun, and 6 in. 
guns, down to the quick 
fire and machine guns. 
The Dogaii, for Italy, the 
Panther and Leopard for 
Austria, and the Chihyuan 
and Chingyuan for China, 
as well as the Rattler and 
Wasp for England, are re- 
cent shi coming under 
the heading of vessels com- 
plete. Ordnance proper 
would comprise the 110% 
ton breech loading guns 
supplied for the Benbow, 
and all the heavy guns sold 
separately, noticed hereaf- 
ter, as well as the quick 
firing and machine guns, 
down to the Gatling mi- 
trailleuse. Mountings may 
accompany guns, as in the 
case of the Benbow, or may 
be made separately, as in 
the instance of two Krupp 
guns which are being 
mounted fora foreign ship, 
together with guus made 
at Elswick, or in the case 
of the cosmopolitan forts 
constructed for the de. 
fense of Spezia harbor, 
which are to have Gruson 
armor, Krupp 119 ton guns, 
Elswick mounting and ma- 
chinery, and probably Ital- 
ian projectiles. Torpedo 
work is quite a distinct de- 
partment, which is chiefly 
carried out at Bear-lane 
Works, Southwark--form- 
erly Vavasseur’s. This we 
do not propose to notice 
at this time, and the ves- 
sels complete we must leave 
to stand over for the pres- 
ent. The vessels are repre- 
sented by models at the 
Neweastle Exhibition. 
These we hope to deal with 
by and by, but the first 
claim on us is that of the 
guns themselves. 

The annexed table par- 
ticularizes the guns made 
at Elswick and exhibited. 

The 1104 ton gun is repre- 

sented by a model. The 
smaller guns are actually 
exhibited. The table gives 

the most important data 
connected with the guns 
except the muzzle energy, 

which is easily calculated. 

That of the 11044 ton gun 

comes to 57,580 foot tons. 

We recorded the highest 
velocity in the arsenal at 

the time of trial as 2,149 

ft., which makes the ener- 

gy 57,630 foot tons. The 
Perforations on the table 
herewith are considerably 

lower than we should make 

them. Foreign perfora- 
tions are low. Those given 

inthe Austrian and other 
naval almanacs would 
nearly agree with these 

given at Elswick. Those in 

the naval gunnery official . 
book agree very closely 

with ours, and we have never seen reason to change 
our system of calculation, seeing that the results 
obtained in perforation with the best projectiles are 
Senerally rather more than any of us calculate. 

_. Before dealing with the guns before us individually, 
it may be well to call attention to their general charac- 
teristics. The leading feature is of course the change 
from the short guns suited to the quick burning powder 
of twenty-five years ago to the long pieces by meaus of 
which slow burning powder is made to produce enor- 
mously greater results, while the gun is subjected to a 
much lower maximum pressure. This is a question of 
proportion in conjunction with length. In the new 
type guns the pressure is kept up to the muzzle to such 
an extent as to call for greater strength in the chase of 
the piece. Captain Andrew Noble, who took the lead 
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in working out this question, has illustrated the pro- 
gress in gun construction in Fig. 8, whichis taken from 
a as of his. The diagrams represent the work 
which is got out of 24 tons embodied in an old type 
gun and 26 tons in a wire Elswick gun. It will be seen 
that in the old piece, which isa 12 in. muzzle-loading 


gun, a velocity of 1,180 ft. is imparted to a projectile 
which weighed 615 lb. at the cost of a maximum pres- 
uare inch. Ip the new gun, with 

ity of 2,225 ft. is given toa pro- 


sure of 31 tons per 
caliber of 10in., av 


velocity of the projectile of the 25 ton muzzle-l 
gun is given in the new official book drawn up int 
gue factory as 1,292 feet, giving a muzzle energy of 
,120 foot-tons, which is a decided improvement of 5,989 
foot-tons, but affects the comparison with 15,450 foot- 
tons only in degree ; the latter remains more than twice 
as great as the energy of the old gun's es On 
ety es method of comparison, 7. e., the energy per 
ton of gun, the new wire gun has 643 9 foot-tons, and 
the old gun 2870 or 284°7 foot-tons per ton of gun. 
4 The proportions of the gun 

form the principal feature 
of new type guns, but im- 
mediately connected with 
this question is that of pro- 
and weight of pro- 


ectiles. This deserves no- 
tice the more because Arm- 
strong and Krupp obtain 
their energies in different 
ways. The energy being 
made = of the weight of 
e wultiplied by 
he square of the velocity, 
depend on weight 
and velocity in varying 
roportions. Thus, in the 
iswick 11044 ton gun the 
projectile is much lighter 
and the velocity higher 
than in Krupp’s 119 ton 
gun. The weight, —_ 


and expression — 
which expresses the power 
to keep up velocity, is in 
each gun respectively 1,800 
Ib., 16°25, and 0°42, and 
2,028, 15°75, and 0°52, the 
velocities being 2,149 and 
1,900. The Elswick projec- 
tile hasa great advantege 
at short ranges—that of 
rang at long ones. The 
long heavy projectile has 
more power to overcome re- 
sistance, and also owing to 
the velocity being less the 
resistance is less. The Els- 
wick gun shows the best 
ballistic result ; but if it be 
asked how it comes that 
Krupp perseveres in his 
systein, the answer is that 
probably both Krupp and 
Armstrong are right, for 
their guns are meant for 
different purposes. The 
1104 ton gun is for the 
navy; the number of rounds 
car is necessarily limit- 
ed on board ship—in fact, 
lamentably small—and 
thus decrease in weight is 
a great object. Krupp’s 

n has hitherto been used 
or coast defense, when 
long range may be an ad- 


ter, 


vantage and weight a sec- 


Pie. 4 ondary question. In short, 


jectile weighing 450 Ib. with a maximum pressure of 
only 17 tons per square inch. In the old gun, short as 
it is, the pressure decreased to 1 6 tons at the muz- 
zle, so that in it clearly additional length would have 
been a mistake, whereas in the new gun there is at the 
end of a long bore still 52 tons pressure, so that there 
would positively be more in favor of lengthening this 
gun than the other. The total stored-up work or muz- 
zle energy in the old gun is 5,989 foot-tons, and in the 
new 15,450 foot-tons. Henee, out of 26 tons is got more 
than 243 times the work on the new system of slow pow- 
der and long bore that was obtained from 24 tons on 
the old system of quick burning powder and short 
bore. In justice to the old guns, however, we must 
add that the pattern existing in the service is decided. 
ly better than that shown in this figure. The initia 


ON DISAPPEARING CARRIAGE. 


for Britain the light pro- 
= — and higher velocity 
s the best combination ; 
while the greater weight 
and lower velocity may be 
best for Continental coast 
armaments, 

It will be noticed as we 
“eee proceed that the applica- 
tion of hydraulic power to 
operations connected with 
guns and carriages is a 
— special characteristic of 
tiswick. There are other 
= features which belong to 
—— individual guns or to a 
- single class. One of these 
sé which we notice here, be- 
cause not exhibited in any 
specimen in the exhibition, 
is the employment of steel 
ribbon in gun construction, 
This, by its great powers, 
‘ enables a gun to be wade of greatly increased strength 
in proportion to its weight. The advantages claimed 
for the ribbon construction are (1) that steel in small 
section may be obtained with greater strength than is 
ible in any other form ; (2) that each layer may be 
rought to its correct tension ; (2) that the danger due 
to the existence of flaws is reduced to a minimum, 
Ribbon is wound on cireumferentially, and laid longi- 
tudinally, asin 1881, and the winding is performed by 
njeans of Sir W. Armstrong’s machine for giving the 
tension uired for each layer. Italy has obtained 
some of these pieces from Elswick. Guns are now 
made entirely of steel. The individual features of each 

piece may be best dealt with in its own description, 
The first exhibit to notice is the 1104¢ ton breech 
loading gun—A on table—which is the most powerful 
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gun in the world. At the Royal Arsenal the muzzle 
energy obtained with 850 lb, of German powder, and a 
cot ah of 19°9 tons, was 57,680 foot tons, the velocity 
eing as above mentioned, 2,149 ft. A still larger 
amount has been estimated for this gun, arid there ap- 
pears to be every reason to say that wore might be got, 
seeing that the pressure is not high, and might be much 
increased without injuring the gun. Krupp’s 119 ton 
gun on one occasion gave an energy 50,780. This is the 
highest Krapp record we have seen. It is 6,850 foot 
tons less than the Elswick gun. We could better com- 
pare the results if we knewthe pressure in Krupp’s 
gun. Probably, however, the pressure is kept well 
down. The natural tendency to rivalry in gunmakers 
is modified by the reflection that a mishap would be 
very damaging. The pressures adhered to are so rea- 
nable that surprise may be felt that the guns are not 
rather more. The old type guns were habitually 
jected to higher pressures. We are inclined to think, 
ever, that it is wise to keep well on the safe side at 
sent. 
We now employ a very large charge, which is made 
to actin a manner which is admirably suited to the 


circumstances of the case. The powder burns slowly, 
and keeps up the pressure as we have noticed above. | 
We are dealing with an enormous force, which is act- | 
ing as if subject to scientific control. We cannot help) 
wondering whether circumstances might not arise 
which wight cause the powder to behave (ifferently, 
and then we might have to reckon with a very differ. 
ent rate of increase from what could take place in old 
days. Quick burning powder was force in a bad shape, 
but its very bad action gave the guarantee that it could 
hardly surprise us by behaving worse, It is as if we 
had dealt with a violent dwarf for which we have sub- 
stituted a docile giant. Can we be perfectly sure that 
the giant may not some day behave badly? We hope 
he will not. Itappears, indeed, to be very diffieult to 
make cocoa powder burn rapidly, but we should be 
glad if our government would make experiments with 
it in various conditions, such as after being broken, ex- 
posed to dry heat, and the like. } 

Figs. 1 and 2 show the 110'¢ ton gun as mounted in| 
the turret of the Victoria. The gun is shown held by: 


Weighty, dey of Guns and Shell, de, 


| 4 

4 ‘ ae 

Length of gun ininches .. .. .- 524 820 192 65 208°8 | 120°75 120 | 170% 108 67 10s Tit 
Weight of gunintons «+ 110} %6 uu 8 | 5 | Sl cwt. | 85 ewt. | 34 owt. | 50 ewt: | 9 ewt. | 25 ewt. cwh 
Weight of shot in Ibs, «+ »«| 1800 450 300 | 189 80 100 80 40 30 82 
Weight of powder in Ibss,. »+ «+ 960 250 68 (15 max,.! § max. 50 12 7 8 | 3 max, 12 | 2max, 
Muzzle velocity in feet per second..| 2148 2225 1470 = _ 1940 1362 1380 1900 1600 = 19290 —_ 
Penetration ininches.. .. 38°7 22°7 12°9 12°32 7 55 69 69 

N. | ©. P. 2. R. 8. 

Length of gunininches .. .. .. 738 $2°2 $0 43 Diameter of bore, 0'43im. .. 
Weight of gmincwt .. .. . 12 6 5 | 506 1b. | 168 1b. | 6S rounds can be fired in 2} seconds ,. 6 barrels. 
Weight of shotinibs, .. .. ..| 101 | 12 7 B | 3°28 2 | Muzzle velocity, 1315ft. per second... .. 
Weight of powder in Ibs... .. 3 + 1} | Won | 1°71 | 402. | Diameter of bore, .. 
Muzzle velocity'in feet per second..| 1354 | 1700 | 1440 | 1250 | 2008 | 1080 | 104roundscan be fired in 2} seconds .. .. 10 barrels. 
Ponetration ininches:. .. ..| ay — | Mumsle velocity, 1315ft. per second... .. 


valve into an air chamber, compressing the air on the 
same hydro-pneumatic principle as in the Moncrieff 
system, the gun descending and disappearing behind 
the parapet or wall of the pit in which it is mounted, 
as shown in Fig. 3. After loading, the opening of a 
valve causes the compressed air to drive back the fluid 


_ 
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bands, B B B, to the bed, ¢ c, which moves along the | 
slide beneath, which is pivoted or hinged in front at E. | 
The recoil thus acts along a plane parallel and close to 

the axis of the piece, whatever may be the elevation at | 
which it is fired. Consequently, the force of recoil is 

nearly constant with the same charge. H is the turret, 

G the port, and D the loading gear. The hydraulic 

lift is shown below the middle of the slide. 

The chief difference bet ween this piece and the large 
breech loading guns which immediately preceded it, 
such as the 115 ton and 100 ton guns supplied to Italy, 
is that the steel tube extends unbroken from end to 
end instead of being made in two lengths. Of course 
there are minor differences in detail and the length is 
increased, being 48 ft. 8in. in all. The turret is rotated 
and the gun itself run in and out by a hydraulic gear. 
The operations of loading and working this gun are 
performed by the same means. The breech block is 
unscrewed from its seat in the gun, withdrawn, carried 
to one side to make room for the oy eration of loading. 
This is by hydraulic lift and rammer, by 
which the projectile and charge are in succession 
brought up and entered in the bore, after which the 
breech block is replaced and screwed home. The obtu- 
rator is one proposed by Vavasseur, in which copper 
takes the place of the asbestos employed in the De 
Bange obturator. 

The 10 in. breech loading gun, B in table, is to 
be mounted in the stern of the Victoria ; the figures in 
the table show its powers. It is of the same general 
type as the 11044 ton gun, asare the 9°27 in. and 8 in, 
gun—C and D in table. For land service these guns 
are made with trunnions. Forsea service it is conve- 
nient to employ bands holding them down, as in the 
case of the 110% ton gun. 

Figs. 3and 4show the 6in. breech loading gun—F 
in table—mounted on a hydro-pneumatic disappearing 
earriage. The gun, A B, rests on the extremities of 
levers, C D under the trunnions, and E F, under the 
breech pivoting at C and E. on the gun, and D and F 
on the lower carriage. At K is a recoil press, which 
has two chambers. The recoil of the gun is absorbed 


by driving fluid from the recoil chambers through a 


and raise the gun into the firing position, asshown inFig. 
4. This system of protection, which has been shown to 
be very complete, as in the case of the Hercules trials, 
has been adopted for coast defense, especially in our 
Australian colonies. This system of mounting is now 
being — to guns of 70 tons weight at Elswick. 
The 63 in. and 16 pounder muzzle loading old type 
guns and the much older 40 pounder breech loading gun 
—G, N, and H in table—serve to illustrate the progress 
in gun construction at Elswick. The 40 pounder we 
regard as perhaps the most successful of all the original 
Armstrong guns. It was well proportioned, of sufficient 
size to give the advantages of breech loading, and yet 
manageable. It has been superseded, but it played its 
part well in itsday—so well that in the midst of the late 
reaction in favor of the muzzle loading system might be 
found a reserve clause in favor of the 40 pounder. The 
4 in. jointed breech loading 25 pounder has an interest 
peculiar to itself. It is the elephant gun for car 
riage on elephants’ backs; that is to say, it is made 
in three pieces, A, B, and C, Fig. 7, which are screwed 
together and can be readily taken apart. Each 
one weighs about 8 ecwt., so that the gun can be 
carried on the backs of three elephants. By this 
means a very powerful weapon, discharging a projec- 
tile with a velocity of 1,920 ft. per second, can be car- 
ried over country which is impassable for wheeled 
carriages. This design has existed for a few years 
now, and has been wholly worked out at Elswick, 
being unique. For some time we abstained from re- 
ferring to it in our columns, because we thought it 
was er meer to suggest the idea to Russia, the 
wer that with ourselves would be most likely to be 
interested in the question. Russia now, however, has 
carried the principle of taking guns asunder still fur- 
ther, and, moreover, it seems very unlikely that she or 
any other power could avail herself of this particular 
design, seeing that no power but England possesses 
trained elephants, and these animals cannot be turned 


formerly used in mountain batteries, a comparativel 
powerful gun, giving 1,500 ft. muzzle velocity, whic 
was at the time more powerful than our 9 pounder 
field gun. 

Rifled howitzers have latterly come into notice in 
connection with the attack of an of decks. Our coal- 
ing stations have been at a small cost supplied with 
these weapons, which would threaten the existence of 
armorclad ships if well managed. For some ——- 
in the field also it has been found desirable to have 
rifled howitzers. There is a 3° in. field muzzle load- 
ing howitzer exhibited by Elswick—M on table. For 
howitzers for the attack of ships, some of the mount- 
ings spoken of would be very ne. but there is 
no piece exhibited. In the British service some of our 
old type guns have been made to do duty as howitzers. 

The term quick or rapid fire gun was devised to de- 
seribe a gunof small caliber, the projectile and powder 
for which are combined together in a metallic car- 
tridge case, the loading, consequently, being rapid] 
effected, and the rate of fire considerably asekend 
The original 6 pounder rapid fire gun was intended 
for use either on board ship or from a boat, and the 
conditions were that it should be able to fire twelve 
rounds a minute, the gun being destined chiefly for use 
against torpedo boat attack. Of late an extension of 
the use of metallic cartridge cases and simultaneous 
loading has been carried out by Sir W. Armstrong & 
Co. to guns of considerable shell power and penetra- 
tion, thereby largely increasing the area which can be 
effectively defended by guns of the limited capacity of 
the 6 pounder. 

It is obvious that if a considerably increased rate of 
fire can be obtained from a weapon firing a 30 lb., 40 
lb., or even heavier projectile, a great addition has 
been made to the value of the smaller caliber guns on 
board ship, whether for defense against torpedo attack 
or for other purposes. 

Considerable improvements had been effected at Els- 
wick in the mountings of the smaller rapid fire gun, 
and suggested the possibility of extending the princi- 
ple to heavier guns. The Elswick automatic recoil 
mounting for the 8 pounder Hotchkiss rapid fire gun, 
Ron table, has been, in fact, the germ from which a 
30 pounder and a 70 pounder mounting have arisen. 
The following account of this mounting will enable its 
action to be understood. 

The gun itself is placed on a rocking slide, which 
pivots on trunnion bearings, the gun only moving 
»ackward and forward on the slide. The elevation or 
depression is given by rotating the slide round its 
trunnions, by means of a shoulder piece attached to it. 
A clamping are is fitted to the right side, so as to fix 
the gun at anangle of elevation required. In front of 
the trunnion bearings are screwed two piston rods, 
which pass through glands into the recoil presses, form- 
ing part of the revolving bracket. The bore of the 
recoil presses, F, from being made slightly conical, al- 
lows a free passage of water past the piston at the 
commencement of the recoil, which is gradually dimin- 
ished toward its end. At the rear of the trunnion 
bearings are two springs contained in boxes, which 
also form part of the rocking slide, and, being com- 
pressed during recoil, serve to return the gun imme- 
diately to the firing position. The rocking slide is 
provided with trunnions, which fit into a revolving 
bracket, on which the gun is trained horizontally by 
means of the shoulder piece. This revolving bracket 
is carried on a pivot plate, to which it is attached by a 
clip ring in halves. A clamp fixes the bracket in any 
position. A gun metal pivot at the center of the 
mounting takes the weight of the mounting, and re- 
duces the friction when training. This bracket carries 
a thin steel shield for protection against rifle fire. 
Since the gun always recoils in the line of fire, the 
strains of recoil never vary. From the pressures indi- 
cated in the recoil presses during the experiment, the 
maximum strain was found to be 6°7 tons, and the 
mean strain 4 75 tons, the total amount of recoil being 
4in. Assuming the powder pressure to be 15 tons per 
square inch, a strain of 40 tons per square inch would 
be given off on the stand at the center of the gun in 
the case of the non-recoil mounting, so that it is seen 
how much the mounting is relieved by the adoption of 
a certain, though small, recoil. As the gun is allowed 
to recoil, a guard is fitted over the trigger in the pistol 
to prevent the use of the trigger for firing. A lanyard 
is attached to it and led through the brass guard in 


out by a factory. The Elswick :mountain 7 pounder | rear, so that the man at the shoulder piece can nae | 
gun does not anger to be exhibited. It took asunder’ pulling the lanyard. A knot is made in the lanyard, 


in two pieces. ch one, weighing 200 lb., was carried 
on a mule’s back. It furnished, instead of the popgun 


so that the gun cannot be fired if it does not return 


_ into the firing position. A rate of fire of about twer*y 
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rounds a minute has been obtained with this gun. | carried in the axis of the breech block presses. This 
The 30 pounder rapid fire breech loading gun, caliber | pin is in communication with the electric wires, which 
4°724 in., or 12 em.—I on table—fires a shell of 30 lb. | carry the current to fire the primer, only when the 
with 9 pounds of powder. It is shown in Pig. 5. The| breech block is closed, and secured by tarning the lever 

n is entirely of steel, its total length 14 ft 214 fn downward against the rear of the block. In this 
fongth of bore 35 calibers, and weight 34cwt. This! manner all danger of accidental discharge is avoided, 


410.8 


ELEPHANT SECTIONAL GUN. 
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gun does not exhibit the feature on which we have 
specially dwelt, namely, the rocking slide, which is, 
however, embodied in a later pattern, but it has other 
good points. The breech is closed on the interrupted 
screw system. the breech block being formed on two 
steps, both of which have portions of an interrupted 
screw on their surfaces, the threads on one step stand- 
ing opposite to the blank spaces on the other. This 
distributes better the strain on the block, and makes 
the opening and closing more rapid. 


Fic.8 
2225 FEET 
PER SECOND 


The breech block swings into place, and is secured by 
a small turning movement. This may be well seen in 
&. 6, which shows the breech open. The gun is fired 


by electricity, the mechanism for that purpose being 
Simple and ingenious. In the base of the cartridge case 
is screwed an electric primer, against which a brass pin 


and complete security gained. The mounting consists 
of an under carriage or slide, I in Fig. 5, carried on four 
rollers, and working round a central pivot. To the 
front is attached a shield to protect the gunners. The 
training is effected by moving a wheel and shaft, H K, 


acting on a pinion on the left of the carriage, working | i 


in arack on the bed plate, and the elevating by a 
similar wheel, G, working a rack, pinion, and worm, 
also on the left of the carriage. The shatts which 
actuate the training and elevating gear are both 
brought well to the rear,and close to the wooden 
shoulder piece against which the firer presses, so that he 
has everything close to his hand. The carriage proper 
works on top of the slide, the recoil being checked by 
means of a hydraulic Vavasseur buffer, F. The running 
out is automatic after each round. This gun has been 
most successfully tried at the government ranges, a rate 
- me ofeight to ten rounds per minute being obtain- 
able. 

Fig. 9 shows the newest pattern quick firing gun, in 
which the ‘‘ rocking slide” noticed above is embodied. 
Here the gun, A, and recoil, C, cylinder move together. 
The breech open is seen at B. The shoulder piece, D, 
enables the piece to be fired like a small arm, the recoil 
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ing. Hotchkiss guns have been manufactured at 
Elswick in large numbers, especially for the British 
government. They are used extensively on board ships 
and in torpedo boats. 

Sir W. Armstrong & Co. are the English makers of 
the Gatling gun, which may be deseribed as a machine 
rifle. It a eeeeies automatic feeding arrange- 
ment, and the whole mechanism of the gun is simple 
and trustworthy. The gun isten-barreled, the barrels 
— grouped round a central spindle. To the breech 
end is affixed the feed drum, containing 104 cartridges ; 
and on turning the handle these are successively 
foreed into the cylinder of the gun, which contains the 
mechanism for pushing them into the barrels, firing 
them, and withdrawing the empty cases. 

The gun can fire from 800 to 1,000 rounds a minute. 
at any angle of elevation or depression. The to 
weight of gun and stand is 144 cwt. The gun is either 
on a stand on the bulwark of a ship or boat o 
s adapted to service in the field by means of a tra 
ing carriage and limber. A special form of field 
riage has also being designed, which enables the 
to be fired while on the move, an important advantage 
in many instances. It is specially claimed for this ma- 
chine gun that its feed does not depend upon gravity. 


Fie. 9—NEW THIRTY-POUNDER QUICK 
FIRING GUN. 


consequently the gun can be fired in any position with- 
out affecting the feed—vertically if desired. This is 
important in a mitrailleuse proper, which it may be 
desirable to thrust into any corner and bring to bear 
downward and upward at the extreme angles in ditches 
of forts, and at boats in sea service.—T7he Hngineer. 


EXHIBITION OF FLAX CLEANING MACHIN- 
ERY IN CHILI. 


On November 1 of the present year an exhibition 
of the above named class of machinery is to commence 
at Santiago, Chili. In the colonial period flax ranked 
high in importance among the productions of the 
country. Recently, however, the cultivation of this 

roduct has tended to decline, wheat farming and min- 
ng attracting more attention. The government is 
now desirous of reawakening interest in the flax in- 
dustry, and hence offers a premium for flax machinery. 
The exhibition is held under the auspices of the Society 
for Industrial Improvement. This organization was 
established by the government four years ago. The 
design is to have a competitive exhibition of machinery 
for separating the fibers, stems, and leaves of the flax 

lant, so as to bring the flax into condition to be spun. 

he site is the experimental gardens of agriculture, and 
a prize of $1,000 for the best machine has just been 
announced by decree. Owing to her abundant water 
supply, Chili seems peculiarly well adapted for this 
industry. There is no reason to doubt that in the near 
future a good market for such machinery may exist 
within her borders. The best European machines will, 
it may be presumed, be sent to the exhibition. We 
hope that American manufacturers by their enterprise 
and interest may successfully compete, and enable this 
country to carry off the prize. 


RAILROADS. 


For the purpose of rendering more accurate and 
practical the indications obtained on railroads by 
means of the rule and level for measuring the gauge, 
and the elevation of the external rail on curves, Mr. 
John, engineer of the state railroads of Austria, has 
 etehnee = simple and precise apparatus, which we figure 
nerewith. 


It consists essentially of a metallic rule provided at 


INSTRUMENT FOR MEASURING THE GAUGE OF RAILROADS. 


being absorbed independently. The eight rounds of 
ammunition at E, and eight rounds on the other side 
of the piece, travel with it. F is the steel shield. 
Designs for a 70 pounder rapid fire gun have been 
completed, in which in the main the arrangements 
adopted for the improved 80 pounder with the rocking 
slide have been followed. Should this gun give good 
results, it is thought possible that rapid fire guns may 
replace on board ship all the lighter artillery, whether 
forming the main armament of small vessels or the aux- 
iliary armaments of large ironclads. Thereis a 3 
pounder quick firing gun on a non-recoil carriage. in 
which the gun has no movement or recoil. The 
carriage and mounting. probably in virtue of its elasti- 
city, absorbs much of the shock, and enables the 
gun to bear the strain, which is, however, so much 


more satisfactorily dealt with in the recoil mount- 


one extremity with a shoulder, A, and at the other 
with a sliding piece, B. Upon this latter are engraved 
two scales, one of which, a, serves for measuring the 
spacing of the rails. To this effect it is only necessary 
to apply the shoulder against one rail, and move the 
slide toward the other until its heel abuts against it 
If the track has a normal gauge, the needle, /, will 
point to the zero of uation. To the left and right 
of this point are marked, on a large scale, the divisions 
that show how many millimeters the gauge is too nar- 
row or wide. 

To measure the elevation of the external rail, it is 
only necessary to read on the second seale, b, the indi- 
cations of the pointer, ra which, for two horizontal 
rails, marks zero. The elevation of one rail above the 
horizontal is read directly upon this scale in millime 
ters.—Annales Industrielles. 
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NOSSIAN'S RIVER MOTOR. 
By MarR, Ph.D. 


Tuk utilization of the waste power of large streams 
and rivers, by the installation of water wheels, has oc- 
cupied the attention of the hydraulic engineer we a 
say for centuries past, but has not advanced as muc 
as other branches of mechanical engineering. The 
slow rate of current in most streams and rivers has 


ews 


| this class, reach a maximum effect when the speed of 
| the working wheel is 0°54/2gh (the same law also a 

| plies to all undershot paddle wheels and floating mill 
wheels). But in Nossian’s river motor maximum effect 
|is obtained at a speed of 0-74/29h, or even 094/2gh. 
| Owing to the higher speed and large number of revo- 
lutions, the driving belt need not be tightly stretched, 
| and the friction of the bearing is thereby diminished, 
| and, further, no complicated speeding up gear is re- 


a= 
] 


NOSSIAN’S RIVER MOTOR. 


either necessitated the erection of costly impounding 
dams, as in the case of stationary turbines, or, in order 
to make up for the want of velocity of current, tended 
to increase the size of the wheels to such an extent 
that they become too cumbersome and costly. Nos- 
sian’s river motor marks a considerable progress in 
hydraulic engineering. In an ordinary river wheel, 
the surface of the current alone acts on the paddle, 
and the effect of the larger masses of water below the 
surface is completely lost, while Nossian’s motor pre- 


TABLE GIVING DIMENSIONS, EFFICIENCY, 


quired. One single lay shaft is, as a rule, sufficient, 
and from this a direct transmission to the work can be 
made. A further advantage of this motor is that it 
ean be moved up or down stream, and installed at any 
yoint of a river. It also adapts itself to the variable 
1eights of water occurring in all rivers through 
changes of season and of weather, and can easily be 
brought to shelter if a river is blocked with ice. 

We give below a table showing the efficiency of the 
motor for various sizes, speed of current, depth of 


WEIGHT, ETC., OF NOSSIAN’S RIVER MOTOR. 


Be 1! | | 
og eg. 3 ons of Pontoons! 
i af E Weight, in tons, | 
a a | | 
2 1°9 3 07 6°5 9 1 | 1°1 | 82 | 2°2 5 
The efficiency in effective h.p. 
8 2°9 7-01 15°0 10 | 1°38 | 1°23 | 2°8 7°0 |\naturally varies with the ve- 
locity of current. The latter 
4 3°9 2 13°00 | 27°0 || 12 | 1:3 | 1°35 | 53 | 3-2 8°5 jis, in this table, taken at two 
| | meters per second, such as ob- 
5 4°9 . | 19°90 | 42°0 || 15 | 1°45 1.5 | 6°5 | 40 | 10°5 tains in the Danube Canal at 
| Vienna. 
6 59 | | 20°60 | 68-0 | 18 | 1:7 | 1:8 | 8-0 | 5-0 | 18°0 | 


The calculated values upon which the construction of axial reaction turbines is based are not applicable to Nossian’s motor, because with 


the latter, Josses from shocks through the formation of whirlpools occr 


cent. of the water passing through the wheel channels (taking A= 


ir. This loss, notwithstanding the eflickency, amounts to 75 to 80 per 
2 
-), because the guide wheel, by damming up the water, considerably 


increases’ the natural head of water. In this case, the sum of the cross sections of the wheel channel is much smaller than the free surface of 


the wheel, and », therefore, is a function of A + A,, and, therefore, 7, = 


sents’ its whole superficial area to the current, whose 
action is thus utilized nearly down to the bottom. By 
this peculiarity of construction, a higher efficiency is 
obtained, even with a motor of comparatively small 
dimensions. The motor, as will be seen from the ac- 
companying illustration, is placed between two wooden 
or iron pontoons, P, in such a way that it can be 
raised or lowered at will. It consists mainly of two 
wheels similar to those used in parallel flow turbines, 
placed behind one another, and made of sheet iron. 
Of these, L is the guide wheel and F the working 
wheel, and both are arranged so as to present their sur- 
face to the current, and are carried by the turbine 
shaft, W, which does not rotate, but is provided with a 
thrust bearing, K, and stuffing box, and is suspended 
by the draught rods, ZZ. Rollers, R R,, at both ex- 
tremities, allow of a sliding motion along the rails, 
G G,, if it be desired to alter the immersion of the ap- 
paratus. In order to counteract the pressure of water 
upon the surface of the guide wheel, which would pro- 
duce a lateral distortion toward the working wheel, 
lock chains, H, are used. Some of the blades in the 
working wheel, F, are fixtures, and serve to connect 
the outer and inner rims, while other blades are mov- 
able, and their position is controlled by means of 
eranks. All these cranks radiate toward the double 
ring, V V:, which can be displaced by means of the 
forked lever, C, and the draught rod, A. This arrange- 
ment effects the necessary displacement of the mov- 
able paddies by the draught rod, A, which, in its 
turn, is actuated by the regulator. The channels of 
the working wheel open more or less widely, according 
to the variations of velocity of current, and by the 
consequent variations of cross section a uniform mo- 
tion of the wheel is insured. The power is taken off 
direct from the periphery of the wheel by means of link 
chains driving on to a lay shaft, connected with the tur- 
bine shaft by means of two slide rods in such a way 
that the motor is adapted to work at any depth. The 
advantages of the motor may be summed up as follows : 
It is a reaction wheel, and the angular velocity, and, 
consequentiy, also the number of revolutions, is the 
1 st which has ever been reached by a river motor. 

he well known Girard turbine, and other wheels of 


water, etc., based upon experiments which were made 
with one of these motors in the Danube Canal at 
Vienna, the power being used for driving a dynamo 
machine.—Jndustries. 


NEW GERMAN TORPEDO BOATS. 


THE external view given herewith sufficiently indi- 
cates the general arrangement of these vessels as seen 
from the outside. 


boats. They are intended to serve the purpose of 
guiding a fleet or division of sea-going torpedo boats ; 
and as the conditions laid down to be fulfilled by these 
vessels are very stringent in their nature, it may not 
be considered out of place if we here briefly recapitu- 
late the leading requirements of the German Adwir- 
alty when placing the contract for the two vessels with 
Herr Schichau. The vessels were to have the same or 
even greater speed than the ordinary torpedo boats ; 
they were to be capable of safely riding out any gale ; 
they were to be able to take on board a full inventory 
of stores and spare gear for the whole division ; they 
were to be fitted with complete workshop arrange- 
ments, smiths’ fires, etc., to make any necessary repairs 
at sea ; and they were also to be provided with hos- 
pital accommodation for sick and wounded. In ad- 
dition, they were to be armed with torpedoes and quick 
firing guns to enable them to take an active part in an 
engagement ; to be strongly enough built to ram down 
a hostile to o boat ; have as little draught as al 
sible ; show little surface above water, so making them 
all but invisible and giving little target for hostile pro- 
jectiles. A eoal carrying capacity was to be 
provided, and the vessels were to be fitted with 
economical nes to enable them to make long and 
fast voyages. In a word, it was required that a vessel 
which should be cheap in first cost, as well as in main- 
tenance, should be capable of accomplishing the same, 
and even rather more, services than formerly was re- 
quired from large and costly vessels of the corvette 


type. 

os fulfill all these conditions seemed, indeed, a diffi- 
cult task, but the German Admiralty placed full confi- 
dence in the well proved abilities of Herr Schichau, 
who has supplied a large nuinber of sea-going torpedo 
boats to the German and other governments, and last 
year placed the order for twosuch vessels with him, 
the long trials of which have just been brought to a 
most satisfactory conclusion, all expectations having 
been fully borne out. 

The vessels are 55 meters long by 68 meters beam, 
and have a displacement of 250 tons. Each vessel is 
divided into 12 water tight compartments, each of 
which was tested separately during the trials to prove 
the stability of the vessel. Right forward are placed 
the torpedo tubes, apparatus for launching the torpe- 
does, and crew space. Aft of this is the workshop, 
fitted with all necessary tools and appliances ; then 
follows boiler and engine room. Aft are spacious and 
handsomely fitted cabins for commander and officers, 
aud a large and elegant saloon buffet and dressing 
room. The next compartment is taken up by the hos- 
pital; then follow cabins for mates and deck officers. 

Steam and hand steering gear is provided, and is so 
fitted as to allow of its being worked from both towers 
and from the commanding bridge forward of the fun- 
nel. Hotchkiss rapid firing guns are placed on the top 
of each tower and also on the broadsides. The three 
light masts serve for sailing. The ship is built through- 
out of the best steel. 

The engines are of the Schichau triple expansion 
type, working at 270 revolutions per winute, and indi- 
cating about 2,000 horse power. ere are two locomo- 
tive boilers fitted with Herr Schichau’s patent firing and 
ventilating arrangements. These supply all the steam 
that is necessary for the main and auxiliary engines at 
a —— jof 12 atmospheres, or say 180 lb. per square 
inch. 

The boilers and engines are completely surrounded 
by coal bunkers. 

On their trial the vessels made a mean speed of 21 
knots per hour with full equipment and coal for 2,500 
knots on a 10 knots speed on board. On the special 
storm trials, as prescribed in the contract, the vessels 
steamed under full power for eight hours straight 
against a very high sea and a gale of wind having a 
foree of eight. The vessels were covered from stem to 
stern with splashes and foam, but the movements were 
not at al! excessive. and in spite of these fa Se and 
adverse conditions a speed of 18 knots per hour was 
| maintained throughout. This was a novel feature in 
| the trials, and we cannot call to mind a trial of this 
kind ever having been stipulated for before, nor its 
accomplishment by a new ship. 

The engines worked admirably from first to last, and 
great credit is due to the maker for the high state of 
perfection to which he has brought this class of quick 
running machinery. 

, So satisfied were the German Admiralty with the re- 
sults of these trials that they have ordered two more of 
these light torpedo cruisers of Herr Schichau. The 
Austrian government have also ordered from the same 
builder a similar, but rathe: larger, vessel for their 


Officially, the vessels are known as torpedo division | 


tons, and with her engines, which are to indicate 3,000 
horse power, it is estimated she will attain a mean 
speed of 21 knots per hour.—Marine Engineer. 


navy. This vessel is to have a displacement of 300 
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MANUFACTURE OF GAS FROM 
PARAFFIN OIL* 


By W. Ivison Macapam, F.1.C., F.C.8., Professor 
of Chemistry, New Veterinary College, Edinburgh. 


THE subject that I have the honor of laying before 
you this evening is one to which, from time to time, 
we have been called upon to give professional attention. 
The facets thus obtained have been added to by a series 
of experiments undertaken during the present session, 
and the results of which are now laid before the section 
in the hope that they may aid the general fund of 
information, which will require sooner or later to be 
much extended. 

Various grades of oil have been destructively dis- 
tilled; the temperature being carefully regulated ac- 
cording to the class of oil experimented with. The 
first series of trials were made with : 

1. Crude Paraffin Oil as obtained from the shale re- 

torts, and without any further treatment. The 
— had a specific et of 850 (water = 
1,000) ; a flashing point of 92° Fahr.; and a firing 
point of 106° Fahr. 

. “Green” Oil, which is obtained from the crude 
shale oil by a redistilling. The sample had also 
had the lighter oils (naphthas) removed by frac- 
tional distillation. Specific gravity, 884; flash- 
ing point, 165° Fahr.; firing point, 193° Fahr. 

. Twice-run Oil. —This oil is obtained from the crude 
oil by distilling (the naphthas not being removed), 
treating with soda and vitriol, and redistilling 
without fractionating. Thesample had a specific 
gravity of 802°30; a flashing point of 67° Fahr.; 
and a firing point of 74° Fahr. 

Burning Oil, obtained from the previous sample 
by treating again with soda and vitriol, and dis- 
tilling in fractions. The sample had a specific 
gravity of 805. 

. * Crystal” Oil, obtained from the burning oil by 
retreatment with strong oil of vitriol. Specific 
gravity, 798; flashing point, 107° Fahr.; firing 
point, 123° Fahr. 

Petroleum.—This was a sample of ordinary Ameri- 


THE 


ean oil. Specific gravity, 799; flashing point, 84° 
Fahr.; firing point, 99° Fahr. 


yeeveetios of gas obtained from one ton of the oil. (8) 
he candle power of the gas, as determined by Bunsen’s 
photometer. (The gas was burned during the testings 
at the rate of 075 cubic foot per hour, and consumed 
through a No, 0000 burner specially constructed for me 
through the kindness of Mr. G. Bray, of Leeds. The 
results were afterward calculated to the value of 5 
cubic feet of gas, and are stated in standard sperm 
candles, each consuming 120 grains of sperm per hour.) 
(9) Illuminating value of one cubic foot of the gas in 
grains of sperm. (10) Illuminating value of the gas 
from one gallon of oil, in pounds of sperm. (11) Illumi- 
nating value of the gas obtained from one ton of the 
oil, in pounds of =. (12) The proportion of hydro- 
carbons absorbed by bromine. 

Summary of Results.—The results of the various tests 
as given in the table show that— 

1. The crude oil gave from one gallon 98% cubic feet 
of gas, which is equivalent to 26,026 cubic feet per ton 
of oil. The candle ager was equal to 503¢ standard 
candles, or to 4,494 lb. of sperm per ton of oil. Some 
difficulty was experienced in working this class of oil, 
as it requires to be liquefied before being passed into 
the retort. The comparatively large proportion of 
carbon separated during the distillation renders it im- 
possible to use the Alexander & Paterson apparatus, 
or any similar works in which the oil requires to flow 
through tubes. The gas is much more impure than is 
the case where the semi-refined or refined oils have 
been distilled ; and it is a question whether these very 
crude oils will prove to be so economical as the purer 
varieties, and more especially the *‘ intermediate” oils. 

2. The “ green” oil gave from one gallon 10244 cubic 
feet of gas of 5344 candle power, and a total value in 
lighting power per ton equal to 4,741 Ib. of sperm. 

3. Twice-run oil yielded 106 cubie feet of gas per gal- 
lon. The quality was equal to 70 candles, and to 7,105 
Ib. of sperm per ton. The total amount of gas obtained 
was 29,605 feet per ton, and is the largest proportion of 
gas we have yet produced from any oil. 

4. Burning oil also gives a high result ; being equal 
to a total production of 27,484 cubie feet of a gas of 68 
candle power, and of a total illuminating value of 5,950 


tween the burning and lubricating oils that we con- 
sider especially interesting. The somewhat large pro- 
portion of these oils which are obtained in some works, 
and the extremely limited demand in the market, has 
caused much concern to the paraffin oil companies. 
Various endeavors have been made to limit or alto- 
gether do away with the production of these oils, but 
with limited success. ‘‘he manufacture of gas seems 
to me to be one solution of the difficulty ; and the large 
proportion of material obtained, as well as the high 
candle power, is much in favor of the process. It is 
doubtful if the retorting of shale for the single purpose 
of manufacturing an oil for gas making would prove 
geen? successful, as there is always a heavy loss 
in the total illuminating value during the crude distilla- 
tion, as well as in the purifying processes. As illustrat- 
ing this point, a cannel coal was distilled for gas, with 
the result that 12,208 cubic feet were obtained of 35" 
candle power. The total light-giving value was equ 
to 1490°91 Ib. of ben distilled for oil, the 
same coal gave 63°72 gallons of crude material per ton 
distilled ; and taking the gas-making value at 100 cubic 
feet per gallon, we have 6,872 cubic feet of gas per ton 
of coal. Against this, however, the candle power was 
raised to 50, but the total illuminating value was only 
ual to 1092°34 lb. of sperm per ton of coal. Further, 
when the crude oil was rectified, the following pro- 
ducts per ton of shale were obtained: Naphtha, 1°44 
gallons ; burning intermediate oils, 22°39 gallons ; lubri- 
cating oil, 14°87 gallons; and seale, 6°01 gallons—the 
total of the refined products being equal to 44°71 gal- 
lons, with an average specific gravity calculated at 836. 
Taking the possible gas produced at 100 cubic feet per 
gallon of oil, we have a total of 4,471 cubic feet of 
gas per ton of coal. The illuminating value of the gas 
would be about 55 candles; or a total illuminating 
value per ton of coal of 843 lb. of sperm, in opposition 
to 1.491 lb. when the coal was distilled into gas direct. 
The objection to the above line of argument undoubt- 
edly lies in the fact that acoal of the quality referred 
to would never be retorted for oil, and that the proper 
line would be to consider the relative values of sbale 
and the products obtained therefrom. Here we have 
a new factor to take into account in the very large 


lb. of sperm per ton. 
5. * Crystal” oil gave 29,928 cubic feet of a 54 candle 


proportions of ash, and the consequent heavy carriage 


Paraffin Oil, Paraffin Burning Oil.* Ir P “ Paraffin Oil.* } 
Average of | Averagy of | Parefin 
or On, Coal Ol | Grose Ol. | Piametre | 30.100. Free trom Bp. Or. | | 910 Bp. Oe, 
Specific gravity of oil (water 1000). . . 850 834 878 868 844 602-30 875°89 877°91 815 798°67 799°27 672-94 894-30 830 846°21 868 870°89 826°26 
Weight of 1 gallon of oilin pounds . .| 8°84 8°78 8°68 8-44 8-02 8-758 8°79 8°15 7°98 7°99 8-73 8°94 8°30 8°462 8-686 8°708 8 28 
Number of gallons of oilinaton. . . »| 968°63 | 258-89 | 255°12 | 258°06 | 265°40 | 979°30 | 955°76.| 255°75 | | 280°70 | 280°35 | 256°59 | 250°56 | 270°00 | 26471 | 257°86 | 257-21 | 
Flashing point . 92° F. 165° F. 163° F. 970° F. 212° F. 67°F. 107°F, 64° F. 270°F, | 4+800°F. | 2390°F 254° 203° F, F. 119° F, 
Firingpoint . . « 106°F. | 199°. | | | | 74°F. | | 123° F. por | +300°F, F. | | | | 
One gallon of oil gives cubic feet of gas. .| 93°76 | 102°52 | 127°42 | 129°98 95°26 | 106-00 84°93 97°08 | 10000 | 10662 86-00 10a°4 94°4 100°68 94°15 94°56 94°85 96°00 
Cubic feet of gas pertonofoil . . . «| 26,026 | 25,977 | 82,492 | 83,529 | 25,282 | 29,605 | 21,720 | 24,757 | 21,484 | 29,928 | 24,110 | 26,278 | 23,553 | 27,171 | 94,032 | O4,588 | 24,896 | 25,068 
Lllaminating power of the gas— is 
Five cubic feetare equal tocandlee . .| 50°36 53°24 64°28 54°76 42°56 70°02 61°38 60°82 63°14 54°00 66°66 61°32 57°26 49°76 60°15 56°25 57°65 43°32 
IDumin. value of ft.in grains of sperna| 1208°64 | 1977-76 | 1908°72 | 1914-25 | 1021-44 | 1680-00 | 1478°00 || 1459-00 | 1515-60 | 1896-00 | 1599-00 | 1471-00 | 1974-00 1194°00 | 1443°60 | 1950°00 | 198460 | 1039°68 
Do. of the gas from 1 gallon of oil in 
poundsofsperm.... .. 17°052 18°713 23°714 24°394 13°90 25°44 17°876 20-198 21°65 19 78 19°64 21°52 18°63 17°17 19°416 18°237 18°748 14°25 
Do, of the gas from 1 ton of oil ia 
poundsoisperm... . .| 4404 4741 6047 6295 3689 7106 4570 5160 5950 6538 5506 5521°5 4643 4635 6139 4702 4822 «|| 8853°89 
(absorbed bro- 
maine) percemnt.. » » + © 45°5 39°05 88°20 86°82 28°52 37°48 84 80 87°6 85°65 35°9 25°26 
* Alexander and Paterson's apparatus used 


%. Rectified Coal Oil.—Specifie gravity, 844; flashing 
point, 212° Fahr.; firing int, 230° Fahr. (This | 
and the preceding sample were distilled, so as to | 


gas, and a total illuminating value equal to 5,533 1b. of 
sperm per ton of oil. 
6. The American petroleum was most carefully test- 


payable on useless material. I do not presume that it 
|could be seriously thought possible to transmit shale 
| for gas-making purposes to any great distance, or that 


compare the results with those obtained from the} ed time after time; but the quantity of gas obtained | it will be to any considerable extent distilled for gas 


ordinary mineral oils.) 
No. 2 Burning Oil, obtained by breaking or} 
“eracking” heavier oils. Specific gravity, 850; 
——e point, 230° Fahr.; firing point, 250° 


Fahr. 
9. Intermediate Oil.—Specifie gravity, 846; flashing | 
yoint, 254° Fahr.; firing point, 240° Fahr. 
10. Intermediate Oil.—Specific gravity, 868 ; flashing | 
voint, 2°3° Fahr.; firing point, 262° Fabr. 
ll. Intermediate Oil.—Specifie gravity, 871 ; flashing 
point, 231° Fahr.; firing point, 286° Fahr. 
(The above three samples of oil were ‘‘ unfin- 
ished.”) 
“ Blue” or Lubricating Oil, from which the solid 
scale had been removed; the oil receiving no 
further treatment. Specific gravity, 873; flash- 
ing point, 163° Fahr.; firing point, 268° Fahr. 
Blue” Oil.—Specifie gravity, 868; flashing 
point, 270° Fahr.; firing point, 335° Fahr. This 
— was specially fractionated from light 


12. 
13. 


oils. 
Light Lubricating Oil, freed from seale, treated 
and redistilled. Specific gravity, 873; flashing 
int, 270° Fahr.; firing point above 300° Fahr. 
eavy Lubricating Vils, freed from seale, treated 
and redistilled. Specifie gravity, 250; flashing 
and firing points, above 300° Fahr. 
Gas Oil, obtained from the acid paraffin tar by 
distillation. Specifie gravity, 828; flashing 
point, 119° Fahr.; firing point, 134° Fahr. 

The crude paraffin oil and “green” oil, as well as 
the ‘‘ blue” oils, were run in Keith’s or Pintsch’s ap- 
paratus; the remaining tests being made with the 
Alexander & Paterson apparatus, which I shall de- 
scribe more fully toward the close of my communica- 
tion. The averages of all the results obtained from 

blue” oils in Keith’s and Pintsch’s apparatus are 
given in separate columns. 

The results are stated as follows : (1) Specific gravity 
of the oil taken at 60° Fahr., or calculated down to 
that temperature, compared with water at 1,000. (2) 
Weight of a gallon of the oil caleulated from the speci- 
fie gravity. (3) The number of gallons of oil in one ton 
by weight. (4) The temperature at which the oil gave 
off inflammable vapors = ‘flashing point.” (5) The 
temperature at which the oil became permanently in- 

med = “firing point.” (6) The amount of gas in 
cubic feet obtained from one gallon of the oil. (7) The 


14, 


15. 


16. 


*A paper read before the Glasgow and Scottish section of the Society of 
Chemica} Industry, and reprinted from the Society’s Journal. 


was always much below that of the ordinary paraffins. 
While this was the case, the illuminating value was 
above that of the home oils ; being equal to 66 candles, 
or a total value per ton of oil of 5,506 lb. of sperm, The 
average quantity of gas from a ton of oil was 24,110 
cubic feet. The difficulty of distillation may be due to 


the very different chemical composition of the Ameri- | 


ean oil, and the lower temperature required to break 
up the — which predominate in the American 
material as compared with the home oils, which con- 
tain an excess of the olefines. 

7. The total amount of gas from the rectified coal 
oil was 25.282 cubie feet per ton, and the illuminating 
power equal to 42!¢ candles. The total illuminating 
value was equal to 3,489 lb. of sperm per ton ef oil. 

8. No. 2 burning oil: gave 27,171 cubic feet of a 4934 
candle gas, and a total illuminating value equal to 
4,635 lb. of sperm. 

9. Intermediate (unfinished) oil of 846 s 
gave 24,922 cubic feet of gas. The illuminating power 
was equal to 60 candles, and the total value to 5,139 Ib. 
of sperm. 

10. Intermediate (unfinished) oil of 868 specific grav - 
ity yielded 24,383 cubic feet of & gas of 564 candle 
power. Theilluminating value of the ton was equal to 
4,702 Ib. of sperm. 

11. Intermediate (unfinished) oil of 871 specific grav- 
ity gave 24,396 cubic feet of gas. The candle power 
was 5714, and the total light-giving value equal to 4,822 


lb. of sperm. 
12. ‘“*Blue” oil of 878 specific yielded 32,492 
eubie feet of gas, the power of which for illaminating 


purposes was 544 candles, with a total illuminating 
value of 6.047 Ib of sperm. 

13. “Blue” oil of 868 specific gravity gave per ton 
83,529 cubic feet of gas, the candle power of which was 
5434, and the total illuminating value 6,295 lb. of 


sperm. 

14. Light lubricating oil, when distilled, yielded 
26,278 cubic feet of a gas of 6144 candle power ; the total 
— being equal to 5,5211¢ lb. of sperm per ton of the 


oil. 

15. oe. lubricating oil yielded 23,653 cubic feet of 
a gas which was of 5744 candle power ; the total illum- 
inating value per ton being Sapivenen to the consump- 
tion of 4,643 lb. of sperm candles. 

16. Gas oil from acid tar gave 25,963 cubic feet of 4344 
candle gas, and was equal in value to 3,854 lb. of sperm 
candles. 

While it is possible to employ all these varieties of 


sifie gravity | 


|direct. The quantity of ash alone would in many cases 
render it impossible for a gas company to use a material 
which would leave so large an amount of substance— 
perfectly useless—to be removed from the works at 
considerable cost. Again, I say that it is in the use of 
| the less available “ intermediate” oils that the true 
province of gas oils will be found. 

One other comparison may be given. It has been 
proved that when paraffin oil is consumed in lamps as 
oil, there is no difficulty in obtaining from the mate- 
rial a light equal to 27 1b. of sperm per gallon of oil. 
| Now, the total value of a gallon of oil after distilla- 
tion into gas is only 21°65 Ilb.; and there is, therefore, a 
loss equal to nearly 55 lb. of sperm per gallon of oil. 
Doubtless this may be improved upon; but, in the 
meantime, we are again driven to the use of the cheap- 
er “intermediate” oils—too heavy for consumption in 
lamps, and too thin in body for lubricating pur- 

In conelusion, I should desire to describe the ap 
tus employed to obtain the foregoing results. It is the 
invention of Mr. Paterson, of Messrs. Alexander & 
Paterson, of Kirkintilloch. The retort is made of cast 
iron; and the oil is introduced into it by means of 
pipes carried through the retorts from the front to rear 
the back. During its passage through these pipes the 
oil becomes vaporized, and is broken up by its after 
contact with the heated sides of the retort in its return 

to the outlet, which is placed in the front part 
of the apparatus. The gas is afterward cooled in up- 
right pipes, and, if necessary, it may be passed through 
the ordinary dry purifiers, and started for use. The 
permanency of the gas has been frequently tested by 
myself, and proved to be excellent, and quite equal to 
any ordinary coal gas. One great advantage the 
one possesses is its extreme simplicity and non- 
liability to get out of order. Once started, it works 
away ; and with an occasional glance at the heating 
apparatus may be continued without trouble for any 
desired period. My own gas works will manufacture 
about 80 cubic feet of gas per hour ; but, of course, the 
retorts may be greatly enlarged or increased in num- 
ber, according to the consumption and production 
required. 

In the course of the discussion on the paper— 

Mr. Macadam, replying to Dr. Wallace, said he had 
not as yet obtained satisfactory results from crude 
blast furnace tar. He did not think that the Pat- 
erson apparatus would give good results with such 
oils. The figures obtained had been as = of no practi- 


oil, yet it is principally the qualities intermediate be- 


cal value, and had therefore not been included in the 
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resent communication, The rectified coal oil was ob- 
ined from the regular coke ovens. 

Dealing with Mr. Foulis’ remarks, he said there 
was no doubt that the tubes (small or large) would at 
first sight appear to a practical man to be a drawback 
to the apparatus. At the same time he had worked 
with it for some months past without any choking ; 


and this was probably the best answer to the question. | 


As a matter of fact, the apparatus had been in the 
hands of practical men for months, and had been 
found to work with perfect ease. The workmen who 
were in charge were not skilled or specially trained 
men, but in all cases the apparatus had given every 
satisfaction. The tubes were scarcely fixtures. Inthe 
retort which he had used for coal testing and oil test- 
ing indiscriminately, the tubes were attached to the 
door of the retort, and.could be removed with the door, 

» that no trouble was experienced in regard to this 

int. 

» The quantity of carbon deposited was not so great 
as might be expected, and it was very seldom that the 
apparatus required to be cleaned out. But when 
clearing became necessary, the door and tubes were 
easily removed. Touching on the use of a jet of steam, 
he did not include in his paper this method of work- 
ing, although he had made experiments in that direc- 
tion, and desired, if permitted, to lay the results before 
the section at a future meeting. 
question of permanency, the gas had not only been re 
tained for long periods over water, but had also been 
passed through lead pipes 100 feet in length, which was 
a very severe test. 

The temperature was below freezing point, and the 
gas was found tu be, in proportion to its illuminat- 
ing value, as permanent as ordinary Edinburgh gas. 
The tar contained a large quantity of naphthalene ; 
but the proportion of tar was small. He could not say 
that there was a large proportion of naphthalene pre- 
sent in the gas. During the distillation of the tar 
from the Alexander & Paterson aparatus, he had a 
considerable proportion of naphthalene. He was sorry 
he could not, at the moment, give the cost of 30,000 
eubie feet of gas. Of course much depended on the 
quality of oil to be distilled. 

From ‘“ intermediate ” oils about 24,000 cubic feet of 
gas could be obtained from a ton of oil. Such oils 
could be bought at present at 14¢d. r gallon, which 
was equal to about 30s. per ton. he gas was of 60 
candle power; so that, roughly speaking, a ton of oil 
gave gas equal in illuminating value to about 72,000 
cubic feet of 20 candle gas. The retorting was certainly 
not so costly as with coal. For it must be borne in 
mind that, while the temperature of the retort was 
much the same as with coals, a great saving would 
take place in the cost of labor for charging and empty- 
ing the retorts, which operations practically ceased to 
exist when oil was used for gas making. he actual 
amount of coal should also be less for a given amount 
of heat, as there was no ash to raise in temperature, as 
was the case with coals. 

American petroleum had proved difficult to distill 
into permanent gas. The proportion which had been 
obtained from it was less than with the homeoils. No 
doubt this was due to the difference in the chemical 
composition of the body, there being in the petroleum 
more of the true paraffin and less of the olefine group, 
while in the home oils the olefines predominated. 
American petroleum required a distinctly lower tem- 
perature, 


MANUFACTURE OF WIRE ROPES. 


TRE importance and extent of this industry has been 
brought vividly before us during a recent visit to 
Messrs. George Cradock & Co.,’s wire and wire rope 
warks at Wakefield. This is an old established and 
well known firm. Recently, important extensions and 
additions have been made to their works to meet the 


In regard to the| 


to chemical examination in the laboratory, in order to 
determine by analyses their exact composition. 

After testing, all rods not rejected are passed on for 

tempering, a process regarded as a trade secret, and as 

,upon it the excellence of the wire largely depends, we 
|are not at liberty to give any definite information on 
this branch of the manufacture. 

After tempering, the rods are taken to the smiths’ 
| shop, where one end is heated in a forge and pointed 
on an anvil, so as to present a tapering point capable 
of being introduced into the holes in the ** draw plates.” 

The rods are then taken to the pickling and washing 
| departments, where they are thoroughly bathed in a 
| dilute acid solution, and subsequently washed with 
| water to remove external grease, dirt, or impurities. 
; These cleansed rods are then dipped into lime water to 
assist the process of drawing, and afterward are re- 
moved to the stock or drying chamber for desiccation. 
These rods are now ready for the process of wire draw- 
ing, and accordingly are removed to this department. 

The wire drawing mill consists of a number of hori- 
zontal drums called ‘* blocks,” arranged to revolve on 
vertical axes, upon a long counter or table, and by 
them the rods are drawn through perforated plates 
held in frames fixed to the counter, and as will be 
readily understood by reference to Fig. 1, which repre- 
sents a portion of the mill, with its requisite subsidi- 
ary appliances. The drawing pulleys are shown at A, 
| arranged on vertical spindles, B, capable of being put 
| into motion or stopped by convenient known means 
and C are caus fixed on the spindles; D are the draw 
plates held by the clamp frames ; E are the pincers for 
starting the drawing operations. 

It will be understood that the pointed end of a rod is 
introduced into one of the holes in a draw plate, and 
the portion projecting on the opposite side is laid hold 
of and pulled by a pair of the pincers. consequently 
| pulling forward its lever attachment. The pulley and 
| spindle are then set in motion, and the rod is drawn 
| through the plate, the pincer lever being forced back 
| by the revolving cam for a distance equal to its throw, 
when the rod is released and caught hold of again 
nearer the draw —_ this operation being continued 
until a sufficient length has been drawn in order to ob- 
tain a turn round the revolving pulley. When this is 


increasing demands of business, and at the present 
time the general arrangement and equipment of this 
factory afford an excellent example of a modern and | 
efficient wire rope works. Here the entire process, 
from wire drawing, testing, and strand spinning to 
closing the finished rope, may be seen in daily opera 
tion, 

The works occupy an area of about 34% acres, and are 
situated on a convenient and accessible site. The 
buildings are chiefly composed of red brickwork with 
ornamental iron roofing supported upon light columns. 
All the struetures with their foundations and flooring, 
ete., are substantially and well arranged, while requi- 
site attention has been bestowed upon the convenient 
location of the various departments and provisions for 
lighting, ete. 

There are two engine houses, which contain engines 
of the horizontal Corliss type of 150 horse power 
each, the former operating the machinery in the 


done, the turning of the pulley draws the whole rod 
through, increasing its length, and of course reducing 
its diameter, and this process is repeated over a series 
of drawing pulleys, and through plates with decreasing 
apertures, until the wire is drawn to the required 
| Sauge, the process being facilitated by the application 
|of lubricants known as wire drawer’s soap or grease. 
As before mentioned, after drawing the wire a certain 
num ber of times, the properties of the metal become 
modified, and it has frequently to be annealed. 

The successive draw plates are formed with a number 
of tapering holes of decreasing diameters, the accuracy 
of which is frequently tried by the insertion of gauge 
punches. When the holes have increased in size by 
| wear, the plates are heated and hammered up, and the 

holes partially repunched. It should be understood 
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core carding, spinning, rope stranding, and closing de-| that the rods or wires are not cut, but simply drawn 
partments, and the latter driving the wire drawing | down, so that there is no appreciable diminution in 
mill, ete. The engines are supplied with steam by | quantity or weight of metal. The wires having been 
two steel boilers, 7 ft. 6 in. in diameter and 28 ft. | thus drawn to the required gauges, the bundles are 
long, constructed with corrugated flues and fitted with | transferred to the testing room, where they are proved 


Green’s fuel economizers. The machines are actuated 
chietly by overhead shafting and pulleys, motion being | 
imparted to them by cotton rope belting driven by 
the engine. The strand and rope making shop has) 
an area of about 16,000 square feet, and in it the! 
strand forming and rope closing machines are located. | 
In this shop a powerful overhead traveling crane is| 
provided, 
We will now turn our attention to the whole process | 
of manufacture as carried out at these important | 
works. The metal rods from which the wires are} 
drawn are of about 2 to 5 8. W. G., and are commonly | 
rolled at Sheffield and elsewhere from ingots of about 
80 lb. eaeh. These rolied rods may be about 130 to 150 | 
yards in length, and after drawing to say a 14 W.| 
gauge, are elongated to about 1,200 yards in length. It} 
must be understood that this is not effected at once, | 
but by a dozen or more separate drawing operations, | 
during which the wire may have to be several times 
annealed or tempered, for as the process of drawing 
»roceeds, the metal becomes proportionally hardened. 
n practice, the wire is sometimes returned four times 
to the annealing pots during the process of drawing 
down to a small gauge. The metallic rods may be of 
iron, Bessemer, crucible, or plow steel, ete., and they | 
are sometimes again subdivided into conventional | 
trade names or classes. Test pieces are at first submitted 


for torsional and flexible efficiency and degrees of ten- 
sile resistance, by a weighted lever testing machine. 
Those coils which pass the wire drawers’ standard tests 
are now sent to the wire store of the strand and rope 
making department. 

Here, however, the wire drawers’ tests are not finally 
accepted, for the bundles are subjected to a similar 
ordeal by the rope makers, thus affording a means of 
insuring the introduction of only finally approved 
wires into the manufacture. The thorough and scien- 
tific basis upon which this firm conducts its depart- 
ments, combined with the requisite degree of care to 
insure that only the best materials shall be used, has 
rendered their name a guarantee for a first class 
rope. 

tis found that wires of extremely high tensile re- 
sistance are not necessary in the manufacture of ropes, 
but that some of the best results have been obtained 
with crucible steel wires having a tensile resistance of 
80 or 85 tons per square inch of sectional area, Such 
wires possess a proper proportion of elasticity and 
toughness. Before describing the actual manufacture 
of wire strands and ropes, we may refer to the subject 
of making the cores or centers, which are composed of 
hemp or wires, according to requirements, in either a 
simple or compound form, but it is to the former class 
that we shall now refer. The best Russian hemp, 


which is here commonly used for this class of cores, is 
first carded by machinery to extract dirt and extrane- 
ous substances, and afterward the fibers are dra-yn, 
spun, and warped, in a somewhat similar manner to 
the process of cotton and flax spinning. The fibers, 
after being spun into yarns, are thoroughly saturated 
with tar and subsequently formed into an ordinary 
hemp rope upon the rope walk, in the usual primitive 
fashion. It will be understood that in making wire 
strands or ropes with hempen cores, the latter are fed 
in centrally, while the wires are twisted or closed 
around, but they are not supposed to contribute any 
additional strength. 

The method of forming wire strands may now be ex- 
plained in connection with Fig. 2, which represents one 
type of strand making machine employed at these 
works. The selected wires of a requisite gauge—de- 
pendent upon the class of strands to be formed—are 
wound upon the bobbins, A, and placed in the fliers of 
the revolving frame, B, of the machine. The machine 
illustrated has six bobbins or wires to the strand, and 
is a size largely used in the trade. The outer ends of 
the wires coiled upon the bobbins are passed through 
apertures eee in the rotary framing to the perfo- 
rated revolving nozzle, C, and then through the fixed 
closing block or tube, D, to the draw-off drums, E. The 
hempen or wire core is drawn into the center of the 
wires through the hollowshaft, F, of the rotary portion 
of the machine. As will be seen, the wire bobbins are 
arranged tandem fashion, and consequently the angle 
at which the wires are drawn through the nozzle, C, to 
the closing contrivance, D, is a slight one. This also 
serves to ‘tay the wires | without materiall 
bending or straining them, and further pushes bac 
any slack which may arise from difference of tension on 
the bobbins, ete. The latter are mounted in fliers 
controlled by an eccentric motion at the back of the ma- 
chine, so that while the framing, B, revolves they are 
always maintained in a vertical position, and thus any 
individual twisting of the wire is prevented. Each 
bobbin is mounted on an independent axis and pro- 
vided with a tension cord and set serew, so that the 
wires may be paid out uniformly. 

The drawing-off drum, E, is driven by a train of gear- 
ing, G, actuated by a spur wheel on the revolving por- 


tion of the machine, which is proportioned to drive the 
drum, E, at a certain speed to obtain a required length 
of lay in the strand, or, in other words, while the bob- 
bins and frame are making one complete revolution, 
the periphery of the draw-off drum is arranged to 
receive an angular movement proportional to the lay 
required. When it is desired to change the lay of a 
strand, a different arrangement of gearing is substi- 
tuted. The completed portion‘of the strand is wound 
upon a bobbin, H, and is afterward removed and placed 
in the fliers of a rope closing machine of similar con- 
struction to the strand machine already described. 
When it is required to form strands in a long length, 
the wires are separately united by brazing or tucking, 
and in this manner a practically continuous strand of 
almost any length can be produced. 

The process just described refers to the manufacture 
of a simple or six wire strand, but it will be understood 
that strands of twelve or eighteen outer wires can be 
produced by using a similar, but larger, machine. 

The wire strands thus formed and wound upon the 
terminal bobbins are afterward removed to the rope 
closing machines, which are very similar in construc- 
tion and operation to the strand forming machine, but 
are driven at a lower speed. For example, whereas the 
velocity of the former may be from say 15 to 30 revo- 
lutions per minute, the latter attain a speed of about 
110 revolutions, and in some types of stranding ma- 
chines it may exceed 200 revolutions per winute. 

Fig. 3 shows one type of rope closing machine used 
at these works, and represents a very large class of 
machine designed for closing 24 tons of strands in one 
continuous length. This has recently been employed 
in making ropes for the Melbourne cable tramways. 
These ropes were constructed of patent crucible steel 
wires, with a cireumference of 35g in, and mostly of 
about 8,300 yards in length, weighing 24 tons 13 ewt., 
and formed in one continuous piece, without a splice. 
There are six bobbins in this machine, each capable of 
holding 4 tons of strand, and when it is fully loaded, 
the revolving portion weighs about 37 tons. he bob- 
bin frames are shown at A, carried by the shaft, a, and 
in which the fliers, b. are arranged for carrying the 
strand bobbins, B. The action of the fliers is con- 
trolled by the crank and eccentric motion, D, so that 
as the frame revolves, the bobbins are always maiD- 
tained in their normal or vertical attitude. 

The revolving portion of the machine—which, as be- 
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fore stated, weighs nearly 40 tons—is carried in bear-|tar. The usual or old practice of making wire ropes is 
ings, E, and upon friction rollers, F. The supporting |to twist or lay the wires of the strands to the left 


shaft, a, is 844 in. in diameter, and com 
best Lowmoor iron. 


axles of Whitworth steel, mounted in phosphor-bronze|in order to keep the rope t 
bearings. The bobbins weigh 8 ewt. each, and are | capable of being spliced, ete. 


of the} hand, and the strands forming the ro 
The supporting rollers have | hand, and this was once thought absolutely necessary 


to the right 


ther and render it 
essrs. Cradock & Co., 


mounted on independent axes, with tension cords and | however, manufacture comparatively few ropes of this 


screws, 


would be irregularly paid out. Motion is imparted to 
the revolving portion of the machine by a train of 
gearing, G, operated by a separate engine, having 
cylinders 12 in. in diameter by 24 in. stroke. 

“The draw-off motion shown at I is actuated by the 
spurwheel on the shaft, a, for driving the draw-off 
dram, J. The train of gearing, as also the fixed closing 
tube or rollers, are, however, omitted in this illustra- 
tion, as they are practically similar to the arrange- 
ments provided in the strand machine shown in Fig. 2, 
already described. K is the tarring tank; L are 
brushes for removing superfluous tar; M isa traction 
yulley ; and W a weighted or tension roller. The pul- 
ey, M, is driven from the shaft of the drum, J. 

It is obvious that a machine of this size cannot be 
handled by direct manual power, and therefore the 
hand gearing, H, is provided for turning during the 

rocess of placing or removing the bobbins, but which 
is thrown out of gear when the machine is put into 
operation. The bobbins, B, are lifted into or out 
of position by an overhead traveling crane, O, capable 
of being moved at right angles. ° 

When the loaded bobbins are placed in position on 
the fliers, the outer ends of the strands are | 
through holes in the annular framings, P, to the rotary 
nozzle, Q ; and as the framing, A. revolves, the strands 
are drawn forward from the bobbins by drum, J, of the 
stationary part of the machine, and in this manner the 
strands, Ww are twisted round a core, 7, into a rope, X, 
between the nozzle, Q, and a fixed tube or roller device 
or drum, J. 

The hemp or wire heart, 7, is simultaneously drawn 
forward centrally to the strands, from the reel, R, 
through a part of the shaft, a, terminating with nozzle, 
* S represents an ordinary contrivance for throwing 
the driving strap, ete., out of gear, when a brake can 
be applied to the machine. At the commencement the 
machine is driven at a speed of about seven revolutions 
per minute, and is gradually increased as the strands 
run out, and the weight consequently reduced, until a 
maximum speed of about, twenty’ revolutions per 
minute is attained. 

All the ropes manufactured at these works for run- 
ning purposes, or ungalvanized wire ropes, are boiled in, 
or thoroughly impregnated with, distilled Stockholm 


C, so as to insure their running with a desired | 
speed and uniform resistance, otherwise the strands | 


old construction, as they have introduced and estab- 
lished a new type known as the Lang’s patent wire rope, 
and which promises to supersede all other ropes for 
aerial transports, winding or hauling purposes. The 
peculiar feature of this type of rope is that both the 
wires forming the strands and the strands constituting 
the rope are laid in the same instead of opposite diree- 
tions, whereby the component wires are subjected to 
more uniform work and wear. Th.e appearance of the 
Lang rope, when new and after wear, and as compared 
with similar conditions of the old style of rope, is 
shown in Fig. 4, and from which it may be seen that 


Fie. 2. 


the new construction does not ‘break out” at the 
crown of the strands as in the old form. Ordinary 
ropes used for winding or hauling purposes are usually 
broken out, and not worn out, that is to say, they are 
simply rendered useless prematurely, from local wear 
contined: to the crown of the strands. The degree of 
novelty in the new rope may be thonght by some to be 
small, but lengthy use has incontrovertibly proved 
that the practival utility is great. 

At first, the idea of making a rope in which the 
wires and strands are laid in the same direction was 
pan ros { some as ridiculously unpractical, as it was 
conside impossible for such a construction to hold 
together, and much less be spliced. Experience, how- 
ever, has effectually disposed of these criticisms. 

From repeated experiments it has been demonstrated 
that the Lang ir usually possesses about 10 per cent. 
more strength, 3 r cent. more flexibility, and 50 per 
cent. more durability, than ropes of the ordinary or 
old construction. Ropes composed of six strands 
seven or fifteen wires is a frequent construction 

loyed, but the number of wires used varies accordi 

the purposes for which they are required. In cases 
where great flexibility is desired, numerous wires of a 
tine gauge are employed. This firm has manufactured 
the rope up to lengths of about five miles in one 
continuous piece, and excellent results have been 
obtained from crucible steel wires, possessing an ulti- 
mate resistance of from 85 to 90 tons per square inch. 
They also manufacture improved plow steel ropes at 
from 115 to 120 tons per square inch, as the Lang rope 
allows of a wire of a harder class being used, without 
the danger of breaking on the crown of the strand. 
The uniform wear of the wires in a Lang rope is well 
demonstrated by dissecting the wires of a worn portion 
of rope, when it will be observed that their cylindrical 
section has been worn away and wires of semicircular 
sections remain. 

In the manufacture of compound strands or ropes, 
the lays of the outer wires have an increasing pitch, in 
order to obtain an equal distribution of the working 
strains, or to arrange that each wire shall receive a 
proportional amount of the strains. 

e will now refer to some practical applications of 
these ropes which have come under our notice. Dur- 
ing a recent visit to the Clifton Colliery, Nottingham, 
we inspected Mr. Fisher's system of underground 
haulage, where a rope by Messrs. Cradock & Co. may 
be seen at work which has been in constant operation 
for nearly seven years, as well as otherssince three and 
four years, without undergoing repairs. The speed of 
haulage is 244 miles per hour, and the endless rope sys- 
tem, operated by Messrs. Fisher & Walker's friction 
clutch drums, is employed. Here there are several gra- 
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dients varying from 1 in 4 to 1 in 6, and curves from | steel wires. A bottom or underside rope had worked | three miles from the shaft, the ay of hauling being shou 
one chain radius upward. The longest rope is 4,000| two years and four months. About 1, tons per day | about twelve miles per hour. The longest Lang alths 
yards in length. Two curved portions of line, of five|are being raised from this shaft, and the lift of 300/ was 3,000 yards, with a circumference of 24 in. And read 
chains radius, on a grade of 1 in 10, exist on a part of | yards is effected in about 30 seconds. During the year|one main rope has worked for two years and eleven ing ¢ 
the system. Sometimes 80 tubs of 16 ewt. each are | 1886, about 250,000 tons of coal were raised at this col-| months without my and after hauling about acti 
hauled, or about 64 tons. The rope-supporting palleys|liery. We also inspected a haulage rope, 1,700 yards in| 900 tons per day. pes employed for underground each 
are of cast steel, varying from 4 in. to 8 in. in dia-| length and 5 in. in diameter, which had been working | haulage in collieries are frequently roughly treated, be- seen 
meter, and these last for about three years in constant | for two years and three months, running at a speed of | sides working in an atmosphere of coal dust, and often pum 
use. The driving pulleys are 6 ft. and 7 ft. in diameter, | 10 to 12 miles per hour. A load of about 18 tons is run| in the wet. the | 
and around these the ropes are coiled three times for|in each set. There are some sharp curves and gra-| At Messrs. Cradock’s works we inspected a crucible ant 
obtaining driving adhesion. These haulage ropes are | dients on this system. steel rope which has recently been removed from the pum 
| of improved plow steel and chiefly composed of wires} We visited the Stanley self-acting surface incline of | main winning of the Upleatham Ironstone Mines, put pres: 
of 18 B. W. G. The calculated cost of the ropes per|the Northeastern Railway Company, in Durham,|on in April, 1881, and removed December, 1886. Phe 
d ton per mile is about 22d., and the total cost of haulage | which is 2,350 yards in length. A crucible steel Lang| number of working days was 1,638, and the amount of 
about 1°6d. per ton per mile. The machinery, appli-| rope of thislength and 3% in. in cireumference, com-| ironstone hauled 820,000 tons. This rope, after this 
ances, and general arrangements at this colliery are of | posed of six strands of six wires, formed round a wire| period and amount of work, does not appear severely 
a first rate character. © practical difficulties have} core, has been in daily operation here for the past} worn. 
been experienced in splicing the Lang rope. three years and four months, lowering some 5,000 tons} Our attention was further called to the recent per- 
a At the Wollaton Colliery, near Nottingham, we in-| of coal and coke daily, or about 1,000,000 tons per an-| formance of one of these ropes at Meir Hay colliery, 
: " ted another haulage rope which had been running| num. The total weight already lowered by this rope! Staffordshire. On February 9, 1883, a galvanized plow 
| er avout four years, This rope is composed of patenti has attained the remarkable aggregate of about. steel rope, 340 yards long and 38% in. circumference, 
| | ili 
| 
| 
= 
| | 
| 
| 
Mp4 
dema 
consi 
| whet 
| was put in one of the shafts of this colliery, and ran first, 
Ny fi] HAV ATTA 1H tH day and night until February 9, 1887, raising on an abou 
: average 1,800 tons during the twenty-four working the 
ARAMA = hours. The proprietors felt it would be a risk to run disks 
H it any longer after such a performance, although the flat r 
d rope, to external view, does not appear badly worn. gethe 
This rope has been now sent back to the works as a sewir 
curiosity for examination, it having raised during its outer 
qi Fio. | period of employment 2,630,000 tons. The shaft in vals i 
which it worked was a wet one, and the water is said coppt 
to be of a peculiarly corrosive nature. dium 
| A number of other interesting examples could be and t 
} cited in which these ropes have done remarkable used, 
j work, but space prevents us from extending the list.— fiber 
Engineering. perio 
but e 
FILTER PRESS FOR SEWAGE SLUDGE. pod Y 
THE question of sewage disposal is daily becoming that 
one of great urgency, as was manifested by the inter- finely 
ttt esting and animated diseussion which followed two a use 
tt i papers recently read at the Institution of Civil Engi- ment 
Heth i neers. Messrs. Drake & Muirhead, of Maidstone, have ment 
He HAH +t set themselves to solve the problem in such a manner natur 
as not only to render the sewage inoffensive and will 
bess}sstecssete sgt: innocuous, but also, by introducing as little extraneous prodt 
matter as possible, to arrive eventually at a self-con- anim 
| tained and continuous process. Entirely on their own age, 
sivanone: be # + responsibility, they dealt with the sewage of Maidstone, powd 
it +] a town which now contains 30,000 inhabitants; and origit 
4 tH + | success has so far rewarded their efforts, that the cor- sprea 
Ht $ poration of that town have now definitely adopted the been | 
+H {He system. The two existing precipitation reservoirs are @ spr 
; now being relined with granolithic cement, and when week. 
this work is complete, the whole of the sewage will be the st 
| dealt with on Messrs. Drake & Muirhead’s system. At The 
| present, however, for want of sufficient precipitation place 
. area, the system is only in operation at intervals, as the fr 
the reconstruction of works permits. rings, 
| The larger extraneous objects are intercepted by one work 
of two cages with bars one half inch apart, let down - has | 
} ‘ alternately, like penstocks, into the main sewer, by a spike: 
| suitable arrangement of gearing. These cages, a pair pressi 
| eee of edge runners for grinding lime obtained from the emple 
| | local limestone beds, and a mixer for making milk—or desire 
rather cream—of lime, are driven temporarily by ro whiet 
- gearing from an old rtable engine; but they will, cours 
e eventually, be driven by a small horizontal engine in disks. 
i Fis, 2. the filter press house. The cream of lime is allowed to press 
fall into the sewer between is inch, 
oo J ‘ ~ with the sewage, owing not only to its height of fa inodo 
‘i THE DRAKE-MU TRHEAD FILTER PRESS. and the fact of the sewage flowing over a low weir, but with » 
a also to the distance (over one hundred yards) which the time | 
a, crucible steel wires, and is run at a s of about | 3,350,000 tons. This rope is exposed to all kinds of , sewage has to travel before arriving at the precipitation from 
i three miles per hour, by means of Fowler's clip pulleys. | weather, and is continually flagging upon the ballasted | reservoirs. Here the sludge is thrown down, while the pulles 
7 The steepest gradient is 1 in 8 Steel pulleys and, road. liquid portion is allowed to pass into the river Med- are se 
<< rollers are also used at this colliery with satisfactory) Other types of ropes used upon this incline have way, being slightly tinged with yellow, from some hand 
a results. At Messrs. Pope & Pearson’scolliery, Norman-, worked only for about ten months, while some have | refuse liquor now discharged into the sewer from some the p 
~ ton, we inspected Lang's ropes employed for winding| been rendered useless after six months’ use. The neighboring paper mills. ; P of the 
yf purposes. hese ropes, of plow steel, were making 40 | working hours of this incline are sometimes from6) From the precipitation reservoir the sludge is pumped water 
: winds per hour, and running nine hours per day. One! A. M. to9 P. M. | ¥P into a storage tank, whence it gravitates, as re- cumfe 
: rope, 13¢ in. in diameter and 500 yards long, had been’ At the Houghton collieries one of these ropes has | quired, to the hydraulic pumping engine shown, to- the b 
in operation for 35 months, and still {ooked in good con-| been running for thirty-three months, has traveled | gether with the two filter presses, one in and one out, drain 
dition. This rope raises eight tons per wind, or 500 | 27,146 miles, and hauled 488,600 tons of coal. It was’ in the annexed perspective view (Fig. 3). This engine inlet 
tons of coal in eight hours, or 1,500 tons per day, if| afterward used as a tail rope at the Herrington pit for pumps the sludge directly, without the intervention of the di 
taking into consideration the dead weight of cages and thirty-three months, and hauled 357,500 tons. At the, compressed air, thus constituting a very simple ar- some) 
rope, ete. The maximum speed of the winding drum| Houghton-le-Spring colliery, Durham, we inspected a| rangement. The engine is duplex ; that is to say, the tweer 
(of about 18 ft. in diameter) is something like 25 miles similar rope used for driving a pump 2% in. in cireum-| piston of one actuates the valve of the other, and the cakes 
per hour, and it runs a distance equal to some 18,000 ference and 5,600 yards long, of improved plow steel, pistons make a sufficient pause at the end of each about 
miles per annum. The usual average lives of the which runs for about eleven hours every night or after , stroke to permit the pump valves to close without con- they ; 
under ropes of the old construction were stated to be raising coal has This is an endless rope and cussion. he pump valves are simple clacks of cast broke 
17 months, and the over ropes about 20 months. At has been on for over five years, and has pumped about iron, about two inches thick, shutting down on steel into a 
the Monk Bretton colliery, Barnslcy, we examined | 1,400,000 tons of water and run a distance of about cylindrical seats, and over each valve is a short vertical the si 
some winding and haulage ropes supplied by this firm, 220,000 miles. The pumping gear is about thirty-eight rod, projecting through the cover of the valve box. but, \ 
which had been working for two years and seven fathoms below the surface. These rods can be struck, when necessary, with a It v 
months and two years and three months respectively. At the same colliery we descended the shaft to ex- leaden hammer, to cut any pieces of wood or other made 
The winding ro were 4% in. in cireumference, and amine some similar haul ropes contained in a sys- similar obstruction that, having passed the cages, idea | 
one was 350 y long, all composed of improved plow , tem of ten miles of ropes for serving workings about | might prevent the valves from closing. In case this filtere 
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should not be sufficient to remove the obstruction, 
although it is so in most instances, the valves may 
readily be exposed by slackening a few nuts, and tak- 
ing off the valve chamber cover. The engine is direct 
acting, there being no circular motion whatever, and 
each steam piston drives two pump rams tandem, as 
seen from the plan of these pumps (Fig. 1). Plunger 
pumps have the advantage over piston pene that 
the packing is outside and easily renewable, an import- 
ant matter where gritty sewage sludge has to be 
pumped. The sludge is thus foreed into the filter 
press, which, as it is remarkably original and effective, 


layer of filtering medium, which is made into bags or 
folded up, or, at any rate, pressed against an uneven 
surface. In the Drake-Muirhead press, on the con- 
trary, the filtrate is forced through the coir fiber in the 
direction of its length, and for a considerable distance, 
if its ramifications, due to the weaving of the fiber, be 
taken into consideration ; and the twisting of the fiber 
in weaving adds still more to the resistance, and, there- 
fore, the filter press givesa high degree of interception, 
the solid matter being left on the surface and not in 
the substance of the filtering medium, so that there is | 
no choking up. Moreover, there is no wear, as the 


demands somewhat minute deseription. It mainl 

consists of flanged cast iron rings, alternating wit 

plain wrought iron disks, having, in the center, holes 
of 5in. or 6in. diam. These plates (Fig. 2) are covered 
on both sides with coir fiber, which has been found the 
best substance for the purpose. It does not become 
decayed by the sewage, and, indeed, stands better 
when damp than when dry, even ip pure water. At 
first, ropes made of this fiber were disposed radially 
about the disk ; then a rope was coiled spirally round 
the central hole; but now it is found simpler to use 
disks made of bass matting. The mats are fixed by 
flat rings surrounding the central hole, and bolted to- 
gether, and by similar rings at the periphery, or by 
sewing with tarred twine and copper wire round the 
outer edge, while the matting is also attached, at inter- 
vals in the annular area, to slots in the iron disks, by 
copper wire. The mats form an efficient filtering me- 
dium, but eventually become choked vp if used alone ; | 
and to counteract this tendency, some kind of sand igs, 
used, which seems to keep open the interstices, so that 
fiber disks so treated last, apparently, for an indefinite 
period. River or sea sand will answer the purpose ; 
but excellent results have attended the use of two, un- 
til now, waste substances, viz., spent foundry sand and 
old foundry cores ground to powder. It is also found 
that the compressed sludge itself, when calcined and 
finely divided, can be used instead of sand, and exerts 
a useful chemical action on the sludge under treat- 
ment, in addition to the mechanical action above 
mentioned. This substance, indeed, partakes of the 
nature both of animal and of vegetable charcoal, as 
will be evident on bearing in mind its chief source of | 
production. It is well known to sanitary engineers that 
animal charcoal acts upon some constituents of sew- | 
age, and vegetable charcoal on others. The sand or) 
powder, from whatever source it is derived, is placed | 
originally between the iron and the coir fiber and also 
spread over the outer surface. After the plates have | 
been so prepared, all that is necessary is to give them | 
a sprinkling of fresh sand or powder about once a} 
week, to compensate for that which is removed from 
the surface by contact with the cakes. 

The disks, with their matting and sand coating, are 
placed in position, sliding and resting by their ears on 
the frame of the press, alternately with the flanged 
rings, and are pressed together by a horizontal screw, 
worked by the hand wheel (shown in Fig. 1), which also 
has holes in its periphery for the insertion of hand 
spikes, by means of which a very considerable com- 
pression may be obtained. On the degree of pressure 
employed depends the degree of purity to which it is 
desired to reduce the effluent ; and the pressure with 
which the sludge is forced into the press depends, of 
course, upon the degree of compression given to the 
disks. The pumping engine is made to work at a 
pressure varying between zero and 150 1b. per square 
inch, which pressure has produced an effluent perfectly 
inodorous, though still occasionally slightly tinged 
with yellow, owing to the cause above mentioned. The 
time occupied by the operation has hitherto varied 
from thirty to forty minutes, the engine being almost 
pulled up after half an hour’s pumping, when the disks 
are screwed up as tightly as possible by two men with 
hand spikes. As shown in the transverse section of 
the plate (Fig. 2), the flange of one ring overlaps that 
of the adjoining, thus forming a channel to receive the 
water, which is foreed out radially over the whole cir- 
cumference. The flanges are, however, interrupted at 
the bottom, so as to permit the water to flow off into a 
drain below, and thence into the river. The sludge 
inlet valve is then closed, and the screw pressure on 
the disks relaxed, when the press is seen to expand, 
somewhat like the drawing out of a concertina. Be- 
tween the disks are found hard, though slightly damp, 
cakes of compressed sludge, 3 ft. in diameter and 
about 114 in. thick. So consistent are the cakes, that 
they may be removed whole ; but they are generally 
broken into pieces with a crowbar, and allowed to fail 
into a truck run in below. As taken from the press, 
hae sludge cake has only an odor of vegetable mould ; 

ut, when calcined, it is perfectly inodorous. 

It will be seen that Messrs. Drake & Muirhead have 
made anew departure as regards filter presses. The 


ea has hitherto been to force the substance to be 
transversely through a comparatively thin 


disks have a plane surface, leaving no hollews for it to: 
be pressed into and thus expanded, and no sharp edges 
to cause cutting. Indeed, no fiber disk has yet been 
worn out or rotted. Two of these filter disks. covered 
with coir fiber in different ways, were on view in the 
lecture theater of the Institution of Civil Engineers 
while the recent papers by Mr. Dibdin on ** Sewage 
Disposal” and Mr. Crimp on “ Filter Presses” were 
being read and discussed. We may add that this sys- 
tem of sludge | eory has just been adopted for the | 
Metropolitan District of Acton.-—Jndustries. 


THE HERBERTZ CUPOLA. 


THE Herbertz cupola, which we illustrate on the pre- 
sent page, will strike many as the revival of an old and 
abandoned idea. But although the salient feature of its 
operation was proposed and tried years ago, yet the 
method of applying this principle is_so far new that it | 
now results in a success of so marked a character that it | 


is difficult to find a satisfactory explanation of it. In the 
Herbertz cupola the blast or draught is obtained by a 
steam jet exhauster placed in a flue near the chargin 
door, while the air is admitted, not by jets or nozzles,bu 
by an annular.opening which runs entirely round the 
cupola just above the hearth. This opening can be in- 
creased or diminished in width at will, for the hearth 
is carried on pillars, and can be raised and lowered 
upon them by means of screws. 

When the opening is narrowed, the blast is rendered 
sharper, with the effect that the iron is brought down 
hotter, but in less quantities. On the contrary, when 
the opening is increased, a greater quantity of air 
enters with a less velocity. It is at all times possible to 
watch the working of the cupola, at the slot, as well 
as the sight holes above it. The mouth of the cupola 
is closed with a cast iron counterweighted bell, which 
fits into a seat at the bottom of an inverted cone. In 
feeding, the broken pigs and coke are put into the cone, 
and then the bell is raised, whereupon the charge im- 
mediately slides down and the bell is replaced, the en- 
tire operation only occupying a couple of seconds. 

It will ry inp A be asked how much steam is used in 
supplying the exhauster. We are sorry that we cannot 
give exact particulars on this point, but we are informed 

Messrs. angyes, Limited, who have a ton cupola 
at work and are building others, that the expenditure 
does not exceed that needed to drive a fan todo the 
same work. On the face of it this result is better than 
one would have anticipated, and the explanation ap- 
| cy to be that the jet does much less actual work than 

he fan, for it only maintains a vacuum of about 244 in. 
to 8144 in. of water, while the fan gives a pressure of 16 
in. to 20 in. of water. Experiments have been made in 
Germany to determine the a of fuel required 
to raise steam for the exhauster. In one of these, with 
a cupola melting 3 tons of metal per hour, the coal per 
hour varied between 8 |b. and 141b., which is not more 
than a fan engine would require. Various other trials 
gave results which agreed fairly with this. The chief 
value of the Herbertz cupola to the iron founder lies in 
its --: Vataiataid small expenditure of fuel for melting the 
metal. 

After several months working in Birmingham, durin 
which careful note has been taken of all the iron an 
coke used, both for melting and lighting up, it has been 
found that the weight of fuel only amounts to 644 per 
cent. of that of the metal, as against 12 to 18 per cent. in 
the ordinary cupola. On a special trial, in which 
the coke for lighting > is not reckoned, a very wuch 
lower result can be easily obtained. At the same time, 


Fig.1 
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the inventor claims that better and softer castings, 
with fewer wasters, can be made from the same mix- 
ture, or that, if preferred, cheaper pig may be used to 
obtain a given guality of product. have Tangyes’ 
experience confirms this contention. An explanation 
of the great economy of the furnace is offered by Dr. 
Ad. Gurit, of Bonn, who has made a series of experi- 
ments with the original cupola erected by Mr. Herbertz, 
at Cologne. He says: ‘On starting the jet, the metal 
counmences to run down into the hearth in from five to 
ten minutes, and continues to flow without intermis- 
sion, and is in a perfectly clean and suitable condition, 
despite the reduction of fuel to less than one-half the 
ordinary quantity. This phenomenon is especially re- 
markable, and culls for a theoretical explanation. The 
difference in the process of melting in a cupola acting 
with a blast and in one acting with exhaust steam jet 
is, primarily, that with the first the air is foreed inina 
compressed condition, 7. e., under a pressure equal to a 
water column of from 8in, to 10 in., whereas in the latter 
it is drawn in ina state of atmospheric density only. 
The consequence is that the compressed oxygen of the 
denser air assimilates itself more energetically and 
more completely with the carbon of the coke with 
which it meets, forming at once carbonie acid, which, 
rising in the shaft of the furnace, is partly reduced to 
carbonic oxide. On account of this reduction to oxide 
it follows, as a necessary consequence, that a very con- 
siderable depression of temperature takes rae ys in the 
upper ea of the shaft, and also an imperfect heating 


tion. Inthe case of the air entering all round under 
atmospheric tension, the complete combustion to car- 
bonic acid takes place necessarily slower, free oxygen 
reaches into the upper part of the shaft and causes an 
elevation of temperature, by which the cold materials 
are more fully heated and thus enter into the fusion 
zone in a better condition. 

* At the same time, the carbonie acid which has been 
formed has, before escaping, no opportunity of being 
reduced to carbonic oxide, and thereby of carrying away 
unused any of the elements of fuel. Seeing, too, that 
gray pig iron contains some 2 per cent. of silica, it is evi- 
dent that the free oxygen reaching into the higher parts 
of the shaft is enabled to act in the way of oxidizing this 
material. As a consequence, the iron is fined and soft- 
ened, and at the same time, by combustion of its silica 
(as is known by a similar action in the Bessemer pro- 
cess), it acquires a great increase of temperature. tis 
therefore easily perceived how even the lowest brands of 
pig iron, such for instance as Luxemburg No. 3, which 
now stands in the market at 30s. per ton, may yield a 
very clean and soft casting, as in reality it does, from 
the furnace under notice. At the same time, the loss 
from waste (burning) is reduced nearly to nil. Her- 
bertz’s cupola with exhaust offers, therefore, for casting 
purposes, very important advantages over the older 
systems, and it is beyond question that when fully 
known, it will meet with very extensive employment.” 
There are already 15 of the cupolas in operation and 22 
more are being erected. — Hngineering. 


NICKEL AND ITS ALLOYS. 


THE principal alloy of nickel is German silver, a 
triple compound or admixture of nickel, copper, and 
zine. But another alloy is also in use, principally for 
purposes of coinage. This is composed of nickel and 
copper only, and is of white color, even when the nickel 
is present only to the extent of 25 percent. Such is 
the composition of the coins struck for the govern- 
— of Ecuador and other places, at the Birmingham 

int. 

An alloy of this kind is more suitable than ordinary 
coinage bronzes for circulation in hot climates, because 
copper, in combination with nickel, does not affect the 


. 8kin so innch as does the same metal in the form of 


bronze. An alloy of copper and nickel, in equal parts, 
is sometimes rolled, ona has been employed by the 
British Government, to a limited extent, as a substi- 
tate for mild steel. These alloys are manipulated in a 
similar manner to German silver, and, consequently, 
will not call for further special mention here. The cast- 
ing of German silver is, in many respects, similar to the 
same operation with brass, but there are certain im- 
portant differences. 

lt is found impossible in practice to make German 
silver by one melting in the pot, the high and sus- 
tained temperature necessary to bring about liquefae- 
tion of nickel causing excessive loss of the low melt- 
ing and volatile zine (spelter). For this reason the 
nickel is always alloyed in one operation with a por- 
tion of the copper, and the zinc and the remainder of 
the copper, in the form of brass, are added in a sepa- 
rate meiting. It is the invariable rule of English cast- 
ing shops to make one and one “ mixing” and one and 


one brass. ‘* Mixing,” it may beexplained, is the name | 


given to the alloy of copper and nickel. This alloy is 
made in 80 Ib. plunbago cracibles heated in a wind 
furnace, similar to the square section furnaces em- 
»loyed by brass casters, and fed by the best hard coke. 
tis necessary to use a good coke, since nickel alloys 
are much deteriorated by contamination with sulphur. 
About an hour is required from putting in the pot to 
poartag the metal, and the temperature must be very 
gh. 


i 

To diminish oxidation, and also to refine the ingre- 
dients, more particularly the nickel, borax is always 
added as a flux. This substance, though possessing 
many of the properties of an alkali when in aqueous 
solutions, has powerful acid properties at temperatures 
beyond redness. The boracic acid it contains is, like 
silicic, a feeble acid; but being, like the latter acid, 
fixed in the fire, it manifests important properties at 
these higher ranges of temperature, and borax, chemi- 
cally speaking, contains a more than normal quantity 
of this acid. It will, therefore, be understood how 
the flux, by inducing a kind of scorifying action, 
brings about a partial refining of the contents of the 
pot. 

Mixing is run into pigs of a few pounds weight, and 
each of these should, when cold, present an upper sur- 
face somewhat concave, and covered with transverse 
wrinkles, If the metal show a smooth and bloated con- 
vex surface, the presence of impurities, and more par- 
ticularly of sulphur, may be inferred. The casting of 
the brass for German silver making differs in no im- 
portant respect from the o manufacture of the 


TABLE I.—@. S. as weighed out. 
Lb. per heat. | Percentages, 
aT As | A 
7 55°79 | 1956 | 264 
“ A,” “hollow ware”... 6% | 39 2 MoT | WOT | 4% 
.-| 9% | 2 | B73 | 19°38 
Special lst (spoon).....' 10 2 | | 
Ist spoon 11 | 58°46 2308 18°46 
lat hollow ware ....... | 18 | || 64°38 16°66 
2d hollow ware | 15 18 | 20 + 6210 | 23°38 14°51 
| 3d spoon & ad h'ware..) 8 4 10°93 
| 4th spoon & 4th h’ware| 8 12 48 55°88 | 35°30 ited 
5th & hollow ware! 57°76 36°10 613 
“Portland”... | 54 || 558 | | 


TABLE II.—As analyzed. Results in per cent. 


Quality. Copper. Zine, Nickel. | Iron. | Lead. 

Qual. spec, 4th.. .| 3648 33°11 039 | 049 
val 56°08 33°55 756 0°39 | 0°36 
Sp. ist spoon. ... 48°17 29:28 area | | — 
64°32 23°98 11°21 | —— | — 
63°34 264 13°58 — |— 
5470 20°25 O75 | 026 


same alloy for sand caster’s use. The actual making of 
German silver begins when the mixing and the brass 
have been obtained. 

For pig metal, that is, German silver intended for re- 
melting and casting in sand moulds, it is sufficient to 
mix together the ingredients, fuse under a layer of 
charcoal, and pour into pig moulds. Sometimes a little 
| tin is added, to give increased whiteness and hardness. 

It is in the casting of strips for the rolling mill that the 
|special skill of the German silver maker comes in. 
| Many a good brass caster has tried his hand at German 

silver strip casting and failed, although, to a superficial 
observer, the two operations are identical. Both alloys, 
| when required in the fori of sheets or wire, are cast 
| into strips, or, in the case of wire, into rods, and these 
|are then reduced to the finished form by mere mechani- 
eal manipulations. 

But a German silver strip, or wire rod, treated ex- 
actly as a brass one, would, in ninety-nine cases out of 
a hundred, result in a sheet or wire, good, perhaps, at 
one end, but unsound through half of its dimensions. 
The reason is to be found in the greater shrinkage of 
the nickel alloy during solidification, and the remedy 
for this in the careful ‘‘ feeding” of the ingot during 
cooling. To compound German silver, of whatever 
quality, certain weights of mixing and of brass, togeth- 
er witha smaller quantity of copper, are necessary; 
and to allow for loss. of zine by volatilization during 
the melting, about 2 Ib. of spelter per heat for low 
qualities, and 14 Ib. for the better qualities, are al- 
lowed, the heat being about 80 Ib. The ingredients 
are weighed out, mixed with a certain quantity of 
serap, and placed in the pot, which has been already 
heated to redness. The lumps of new metal are intro- 
duced with a pair of tongs, and the scrap by means of 
a long sheet iron funnel reaching into the furnace. A 
few pieces of charcoal are now introduced, and the pot 
covered with a lid. 

When the charge has melted, the crucible is stirred 
with an iron rod, and the zine allowed for waste is add- 
ed, the pot being again stirred. Meanwhile the ingot 
moulds have been prepared, and placed in position. 
The moulds are similar to those used for brass, and are 
of two halves, clamped together by rings and wedges. 
The moulds are cleaned, rubbed inside with oil, and 
dusted with powdered charcoal (blacking). The caster 
raises the crucible from the furnace, and, holding it in 


an iron rod. 

The mould is now full of German silver, and as the 
portion in contact with the cool surface solidifies, con- 
siderable shrinking takes place, and a hollow core be- 
zins to appear at the upper central part of the ingot. 
The skill of the workman is now brought to bear in 
supplying a fine stream of metal to prevent the forma- 
tion of such acore. This stream is continued for some 
time, and the ingot is thus fed until the last portions 
form a projecting button at the center of the upper ex- 
tremity. 

Mixing, it may be mentioned, is always made in 
plumbago crucibles, the charge being diminished in 
each successive heat, to prevent the corrosive flux act- 
ing successively upon the same zone of the pot. Ger- 
|man silver is melted in plumbego pots, or in the best 
fire clay crucibles. The latter are, perhaps, better for 
the purpose, since they radiate heat with less rapidity, 
and remain hot fora nese time, a point of some im- 
portance when the pouring takes a considerable time, 
as in filling ingots for wire rods. If the ingots are in- 
tended for rolling into spoon strips, the nickel need not 
be of the very finest quality, because such strips are 
thick, and destined to undergo only a moderate amount 
of mechanical strain. 

Into metal of this kind, a little inferior scrap, filings, 
etc., may be introduced, but, of course, it must not be 
supposed that any rubbish will answer the purposes of 
the spoon and fork manufacturer. German silver that 
is destined to undergo the trying operations of raising, 
| deep stamping, or draughting must be compounded of 
| the best brands ofjspelter, such as ‘‘U pperbanks,” ‘“‘D. & 
| Co.,” and of best selected copper. The nickel should 
be either grain nickel or the cake nickel made by the 
Nickel Company. 

A brand of nickel containing varying quantities of 
copper, imported from Sweden in the form of powder, 
also gives very good results, Only a limited quantity 
of the best ‘‘raising metal” scrap should be introduced, 
but this little, if good, has a tendency to improve the 
vorlieg properties, although the reason is not very 
evident. 

The ingots of raising metal are now planed on the 
flat faces, in order to remove the hard skin and the in- 
equalities which would impair the surface of the 
finished sheets. Spoon metal is usually not planed. 


position, pours the metal into the receptacle, while an ' 
assistant keeps back the floating pieces of charcoal with | 


When the metal reaches the rolling mill, it is treated 
cold, in a similar manner to brass, the first operation 
being known as “breaking down.” The ingots are 

diagonally between very powerful rolls, until 
they have attained to rather more than the breadth of 
the required sheet (to allow for trimming) and have, at 
the same time, of course, increased in length. This 
treatment is followed by passages longitudinally 
through smaller rolls. 

From time to time, and from the outset, the metal is 
annealed by heating it in a furnace and cvoling with 
water. After each annealing, the scale must be re- 
moved by pickling in dilute sulphuric acid, assisted by 
scouring with fine sand. Sometimes bright sheets are 
ordered, and when this is the case, the final pickling is 
done with aquafortis (nitric acid). The annexed table 
gives the composition of the various qualities of Ger- 
wan silver. ‘** Hollow ware,” or * raising metal,” it will 
be noticed, contains proportionally less zinc and more 
copper than spoon metal or sand caster’s pig. The 
mixtures of the various makers vary a little, some using 
more copper than others perunit of nickel. The for- 
mer qualities are somewhat reddish, while the latter 
have a yellowish tinge.— Industries. 


THE HARDNESS OF METALS.* 


By Mr, THomas TURNER, F.C.8., Lecturer on Metal- 
lurgy, Mason College, Birmingham. 


PART I. 


For many of the popes to which metals are ap- 
plied, the degree of hardness of the material is of the ut- 
most importance. In some cases, as in the a of 
a knife edge, a tool, or acutting instrument, hardness is 
much to be desired; while in other instances, where 
tenacity 1s required, and the material has to be worked 
by the tool, special hardness is undesirable. Unneces- 
sary hardness generally leads to loss of time and extra 
expense in tools, and is often accompanied by weak- 
ness and brittleness in the waterial. Extra softness, on 
the other hand, is accompanied with destruction of 
wearing surfaces, blunted edges, and often also with 
diminished tenacity. A ready method for obtaining 
trustworthy comparisons of hardness is mnuch to be 
desired. The usual definition of hardness is somewhat 
as follows : . 

‘* A body is said to be harder than another when it 
can be used to scratch the latter, but cannot be 
scratched by it.” (Daniell, Principles of Physics, 1884, 
>. 230.) The same writes further states that ‘* hardness 
isa property that cannot be measured.” Though some 
objection is possible to the latter statement, it is well 
known that the usual methods of determining hardness 
are entirely qualitative, and hitherto no accurate 
system has been proposed by which different degrees 
of hardness can be satisfactorily compared. The scale 
of hardness in common use was originally proposed 
by Moh, and is reproduced here for purposes of 
reference : 


1. Tale 
2. Rock Salt { Scratched by finger nail. 
3. 
. Fluor : 
Apatite Seratched by a knife blade. 
Orthoclase 


uartz 

May be roughly distinguished 
9. Corundum by a file. 

10. Diamond 


We are indebted to Dumas for one of the earliest at- 
tempts to classify metals in order of their hardness. 
(Brande, Zlements of Chemistry, 1848, p, 534.) In the 
following list most of the common metals are arranged 
in order of hardness, depending upon the facility 
with which they can be scratched by various materials. 
It may be mentioned that window glass has a hardness 
of 5-6 on Moh’s seale : 


Titanium Harder than| Platinum 
Manganese § steel Palladium 
Chromium Seratch Copper 
Rhodium glass. Gold Scratched 
Nickei Silver > by 
Cobalt Scratched | Tellurium cale spar. 
Iron by Bismuth 
Antimony glass. Cadmium 
Zine Tin J 
Lead—Seratched by the nail. 
Potassium 


Soft as wax at 15°5° C. 
Mercury, liquid. 


Dumas’ list, however, is obviously only valuable as a 
general guide to the variations in hardness between 
different metals. It makes noclaim to quantitative 
measurement, and even the order of the arrangement 
is in several instances different to that adopted by 
later experimenters. In the case of such metals as are 
used in the arts, and which require to be turned or 
filed, the workman can judge pretty accurately of the 
relative hardness by the behavior of the material un- 
der his tools. But such experience is of little value for 
accurate observation, as it has no quantitative value, 
and will to some extent depend upon the workman’s 
pretense experience and the form or character of the 
tool. 

One of the earliest attempts to find a numerical value 
for the relative hardness of metals was made by the 
officers of the United States Ordnance Department. 
(Reports of Experiments on the Strength and other 
Properties of Metal for Cannon, 1856.) In these experi- 
ments a punch in the form of a pyramid was used, and 
was pressed on the metal to be tested with a force of 
10,000 lb. Thesoftest metal used for cannon was bronze, 
and an indentation rather greater than was produced 
in this material was taken as a standard of comparison. 
In each case the volume of the indentation was found, 
and this served as a measure of the hardness. The 
standard volume was 3°33 cubic tenths of an inch ; one- 
half this volume was described as a hardness of 2, one- 
tenth the volume as a hardness of 10, and so forth. 


* Paper read before the Birmingham Philosophical Society, December 
9, 1886. 
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The following extracts illustrate the results obtained 
(Pole, Iron truction, pp. 67, 99, 129) : 


Wrought iron.............. 

sees 

No. 8 pig irom..... 

Hardest iron tried... 

These results are of great interest, not only as the 
forerunners of others obtained by later experimenters, 
with very similar methods, but also as being almost the 
only quantitative observations of the variations in hard- 
ness of east iron. Other experimenters have been con- 
tent to speak of “‘ steel ” or “ cast iron ” as if these sub- 
stances a definite hardness, while we know, 
as a matter of fact, that their hardness under different 
circumstances varies over, at teast, several degrees on 
Moh’s seale. But it will afterward be shown that the 
method of indentation by pressure really does not give 
a correct expression of hardness. The amount of metal 
displaced by a given force will evidently depend, to a 
considerable extent, upon the tenacity of the material, 
and so the results quoted above must depend upon the 
resultant of at least two properties, and are, therefore, 
not correct expressions of relative hardness. (For proof 
of this, see Part IIL.) 
Hardness I understand to be the property whereby 

a body is enabled to blunt or wear away the edge of a 
tool used upon it. In this it differs from tenacity, 
which though increasing the force necessary to be em- 
ployed in cutting, does not wear away the edgeof the 
tool. Ata later stage it will be shown that, with the met- 
als ina state of purity,tenacity and hardness accompany 
each other; but this is not the case in alloys or in the 
various commercial varieties of iron. In 1859 Messrs. 
Calvert & Johnson published a very interesting series 
of results of experiments on ‘‘'The Hardness of Metals 
and Alloys” (Philosophical Magazine, 4th series, xvii., 
p. 114). The method employed was in reality only a 
modification of that previously described, though the 
authors appear to have been unaware of the American 
experiments. A graduated bar terminating in a steel 
point was pressed by means of a weighted lever upon 
the surface to be tested. The point used was conical, 
being 7 millimeters long, 5 millimeters wide at the base, 
and 1°25 millimeters wide at the smaller end. The 
weights were added so as to cause the point to enter 
the metal operated upon 35 willimeters in half an 
hour. A number of common metals were tested, and 
also five pretty complete series of alloys. Some of the 
more important results are as follows : 


Staffordshire Silver, pure...... 208 
gray iron (No. 1538 

958(?)| Cadmium........ 108 

Wrought iron.. 948 Bismuth.. ....... 52 

Platinum... .. 375 

Copper (pure).. 301 | Lead............. i6 

Aluminum... .. 271 


In connection with alloys, it was shown that in the 
zine-copper, tin-copper, and lead-tin series, the hard- 
ness was greater than that calculated froma mixture 
of the constituents, this being especially noticeable in 
the copper-zine series. In the tin-zine series, on the 
contrary, the hardness observed was slightly less than 
that calculated. In considering these experiments, the 
objection previously mentioned in connection with the 
American results must be urged, that it is doubtful if 
the weight necessary to drive a punch a given distance 
into the metal would not depend at least as much 
upon the tenacity as upon the hardness. With this 
special form of experiment there is the difficulty of 
making the punch enter exactly 3°5 millimeters in just 
half an hour, and also the fact that in a number of 
eases the specimens operated upon broke under the 
pressure, sometimes even before the point had entered 
at all. Of the general accuracy of the observations 
themselves, however, we have proof in their agreement 
with similar experiments by Bottone. Bottone (Chemi- 
cal News, 1873, xxvii., p. 215) also appears to have over- 
looked the results of previous workers in this direction. 
Two methods were employed in his determinations, 
the first identical with that of Calvert and Johnson, 
except for an improved method of applying the pres- 
sure to the steel cylinder which was made to indent the 
metal to be tested. The second method Bottone con- 
sidered perhaps less exact, and was used in the ease of 
brittle metals. A soft iron disk rotating with an in- 
variable velocity was pressed with a constant force 
against the metal to be tested. The time necessary to 
produce a cut of a definite depth was taken as a 
measure of the hardness of the material. The results 
may be expressed as follows : 


Manganese ....... 1,456 ; Gold....... 979 
1,450 | Aluminum. ....... 821 
1,410 | Cadmium.......... 760 
1,375 | Magnesium ........726 
Palladium.. ..... 

Platinawt,.....< 1,107 | Thallium .......... 

1,077 | Caleium............ 

990 | Sodium ....... 
- 984! Potassium ......... 230 


Diamond 38,010. 


Bottone concluded that the hardness so obtained was 
ty, spires to the specific gravity of the metal divided 

y its atomic weight, and gave a number of examples 
to prove this statement. To these experiments we 
have tourge the objection brought against other de- 
terminations by a similar method, namely, that the 
depth of the indentation produced would depend upon 
the combined tenacity and hardness of the material. 
It will be found on comparison of the results of Calvert 
and Johnson with those of Bottone that in those cases 
where the same metals have been separately examined 
the order of hardness is very similar. This is illustrat- 
ed in the following list : 


Calvert and Johnson. Bottone. 
Platinum......... 375 | Copper .......... 1,360 
301 
183 
Cadmium......... 108 


It will be seen, however, that the quantitative values 
of the harduess given by the two series of experiments 
are very different. Thus, as examples, we have the fol- 
lowing approximate values : 

Fe Fe Pt Cd 
Calvert and Johnson... — = 8 — = 58 —- = 2—- = 4 
Cu Pb Zn Soa 


Fe Fe Pt Cd 
Bottone....... -—=1--= 2% —=1—=1 
Cu Pb Zn Sno 


It is obvious from these values that the numbers 
given to represent the hardness of the different metals 
are only correct under the circumstances of the experi- 
ment. An interesting question arises as to the cause of 
the marked difference in the numerical values obtain- 
ed. The explanation is probably to be found in the 
fact that in Calvert and Johnson’s experiments the 
weight was gradually applied during a space of half 
an hour. Asa natural consequence plasticity is an im- 
portant factor, and the plastic metals—tin, lead, and 
cadmium—yield very low values. Bottone appears to 
have — his weights more rapidly, and naturally 
obtained higher values. Reference has been made to 
the fact that the force required to make a given inden- 
tation would depend, at least in part, on the tenacity of 
the material. It is, therefore, interesting to compare 
the hardness results previously quoted with the tena- 
city of the same metals as given by other observers. 
In 1809 M. Guyton-Morveau published the results of 
experiments on the tenacity of the common metals as 
measured by the weight in kilos supported by a wire 
2 millimeters in diameter. (Annales de Chemie, 1st 
series, lxxi., p. 189.) To the nearest whole number his 
results are as follows (p. 194): 


Platinum .. ...... 16 


A much more extensive series of experiments was 
performed in 1841-44 by M. G. Wertheim (Ann. Chim. 
et Phys., 3d series, xii., page 385; xv., page 114). Inthe 
following table is given the tenacity of the commoner 
metals, the values being in kilogrammes per square 
millimeter. In each case the metal was annealed, and 
= the form of wire, the weights being added 
quickly : 


11 
Copper......... . 81°6 | Cadmium........ 4°8 
Zine...... 


It is interesting now to ay the results of the 
different observers. This is done in the following 


table : 
Hardness. Tenacity. 
Calvert 
Guyton- 
and Bottone. Wertheim. 
33 Jol | Morveau. 
5-4 Platinum. . . |375;Co 37\Co 37°6 
Copper..... 901\Platinum. |1,107/Platinum. ..|125| Platinum.. 26°7 
3-2% (Silver... ../208Zinc.. ... 1,077|Silver ...... 8&5 Silver .16°4 
Zinc... 990,Gold.... ...| 68)Zime....... 14°4 
|Gold........ 167/Gold .... . 979 Zinc........ 50 Gold 
Cadmium ...|108'Cadmium.| 760|—— Cadmium..' 4°8 
2 27\Tin....... 651 Tin........ | 16/Tin... 36 
1% |Lead....... 16|Lead...... ...... | 2 


An examination of this table shows that according to 
the experiments referred to, the order of the common 
metals for hardness and tenacity is practically the same. 
It has previously been mentioned that Bottone stated 
the hardness of the common metals varied as the specific 

vity divided by the atomic weight. But Wertheim 
had stated thirty years earlier that the tenacity of a 
metal varied as the specific gravity divided by the 
atomic weight. It will be seen that what Wertheim 
first sta to be the case in relation to tenacity 
Bottone quite ind dently afterward claimed to be 
true of. hardness. e fraction 
atomic weight 
—_—_—_—_—_- we know as the ‘‘ atomic volume,” hence 
specific gravity 
specific gravity 
—————_ will vary inversely as the atomic volume, 
atomic weight 
or, in other words, as the number of atoms in a given 
space. Hence the statements of Wertheim and Bottone, 
if true, would show that both hardness and tenacity 
vary directly as the number of atoms in a unit space. 
It has been previously stated that the method adopted 
in the determinations of hardness depended—at least 
to some extent—upon both tenacity and plasticity, and 
itis doubtful to what extent the method of experiment 
affected the close agreement between the order of the 
metals for tenacity and hardness. But in spite of this 
defect there can be no doubt that the hardness 
of the ‘common metals does agree pretty closely 
with their tenacity, and that these vary in some 
measure with the) atomic volume It has been sug- 
gested that in attempting to measure hardness and 
tenacity, we are really only trying to measure the same 
force by two different methods. Such an idea is in- 
correct. Doubtless both hardness and tenacity depend 
upon cohesion, and this, again, upon the number of 
molecules in agiven space ; but, nevertheless, hardness 
and tenacity are distinct physical prepes. For 
instance, in the case of cast iron special hardness is not 
accompanied by high tenacity ; on the contrary. the 
tensile strength of a hard iron may usually be increased 
by rendering the metal softer. 

Probably a good example of the difference between 
tenacity and hardness is furnished in the case of a 
sandstone. Such a material, owing to the hardness of 
its particles, rapidly wears away the edge of a tool used 
in working it, while the tenacity is often very low. We 
see, therefore, that tenacity depends on the strength 
of the material, as a whole, while hardness varies with 
the tenacity of the icles of the mass. When the ten- 
acity is uniform throughout, or, in other words, when 
the is perfectly homogeneous in s 


tenacity and hardness vary together directly as the 
number of physical atoms. (I use the expression 
We sical atom” to express the idea that the atom 
of the physicist and chemist are not identical.) 
Hence in the common metals, which are homogeneous, 
we find tenacity and hardness follow in the same order, 
and apparently depend upon the same cause. It ma 

be noted that the metal which is least regular in this 
respect, viz., zinc, is also the mostcrystalline. Also that 
annealing, which diminishes the density of a metal, de- 
creases its tenacity and hardness; while the density, 
tenacity, and hardness increase together by ham- 
mering or cold rolling. In the case of the vast 
majority of substances, however, some definite crystal- 
line or other structure is met with, and the material 
corresponds more or less closely to the example of the 
sandstone previously mentioned ; consequently, tena- 
city and hardness do not follow according to any such 
simple rule as that above given. Accepting these 
statements as correct, it follows that, in any trust- 
worthy method of determining hardness, the results 
obtained should closely agree with the tenacity in 
homogeneous substauces, while in non-homogeneous 
a it should not follow according to any definite 
rule. 


CONCLUSIONS. 


1. That hardness and tenacity are distinct physical 
properties. 

2. That methods for the quantitative determination 
of hardness depending on the production of an inden- 
tation of considerable size have the following disad- 
vantages : 

a. The results are influenced by the tenacity of the 

metal. 

b. Owing to plasticity, the results vary according to 

the time taken to produce the indentation. 

c. Brittle substances are apt to be broken by the pres- 

sure. 

8. That in substances which are homogeneous in struc- 
ture the hardness and tenacity generally vary according 
to the number of atoms in a given space. 

4. That in substances er pees | a definite structure 
the above rule does not hold good. 


(To be concluded.) 


POWER REQUIRED FOR FLOUR MILLS. 


THERE is a wide diversity in the opinion and prac- 
tice of millwrights as to the power necessary to drive a 
modern built mill on the roller system with the numer- 
ous paraphernalia. The old rule of 15 horse power per 
run of stone does not apply, and no sufficient number 
of tests have been made to demonstrate conclusively 
what may be adopted as ageneral rule. The American 
Milling Engineer says: e have made severai care- 
ful tests, in order to settle the question, if practicable, 
within comparatively narrow limits, and have noted 
other tests. The range so far found has been from 0°5 
horse power per barrel of daily capacity in small mills 
to 0°35 horse power per barrel in mills of 250 barrels and 
larger capacity. These figures we know to be accurate 
in so far as the individual mills from which they are 
obtained are concerned, and we believe them to bea 
safe guide to follow. Yet, in a recent conversation 
with a prominent mill builder, he remarked that he 
could not understand how so much power was re- 
quired, as heinvariably used smaller engines than his 
competitors, and had no troubie. While this may be 
true, it doesnot follow that the use of the smaller en- 
gines has been profitable for his customers. The rated 
horse power of steam engines, especially automatic en- 
gines, is nocriterion by which to judge the power de- 
veloped in use. 

In an automatic engine, the power developed varies 
with each change in the load ; and if the load increases, 
or is larger than the rated power of the engine, the 

wer developed will increase, limited only by the con- 

itions of speed of piston and boiler pressure. Take a 
Corliss engine, for example, rated at 100 horse power, 
with steam at 80 |b. boiler pressure, and cutting off at 
one-fifth stroke, and running at eighty revolutions. 
This engine, according to the semen tests, would 
drive a 250 barrel mill under the above conditions. It 
will also drive a mill of double the capacity, provided 
the speed or boiler pressure, or both, increased, or 
the point of cut-off be carried along to one-half stroke, 
with the engine every other revolution taking steam 
full stroke ; but when it is doing this, it is developing 
more than 100 horse power, and is not doing it eeconom- 
ically. If the speed is increased, the engine will wear 
out quicker; if the boiler pressure is increased, the 
strain and consequent wear and tear on the boilers 
will be greater ; and if speed and boiler pressure be kept 
the same, the engine will work nearer like aslide valve, 
and the advantage of working the steam expansively 
will be lost in great measure, with a consequent loss in 
economy in fuel. 


COMPOSITION OF MERCURY. 


SrINcE my first paper on the probable composition 
of mercury I have noticed other relations between that 
metal and gold and thallium which are interesting, and 
if not accidental, may possibly lead to the discovery of 
an important law. 

The atomic weights and specific gravities are those 
previously given, and are the most recent determina- 
tions I have been able to obtain : 


Specific gravity. At weight, At. vol. 


19°263 196°2 10°181 
11° 203°6 17°167 
Mercury, liquid... ..13°598 200°0 14°708 

solid. ..... 14 89 


It will be seen that not only is the atomic weight of 
mercury the mean of that of gold and thallium, but its 
specific gravity in the liquid state is very nearly the 
mean of their atomic volumes; and its own atomic 
volume when fluid is almost exactly the theoretical 
specific gravity of an alloy formed from equal weights 
of gold and thallium, the calculated specific gravity 
being 14°68, which is only 0°29 in excess of the speci.ic 
gravity of solid mercury, being less than the difference 
in the calculated and actual specific gravity of some 
known alloy, one of gold. . COUSENS. 
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EIGHT LIGHT DYNAMO. Thickness of yoke................... 1% inches gray cast iron, joined at the center of the yoke, and te 
: By Gxo. M. Hopxtns Diameter of bolts passing through the bound together by two bolts, as shown in Fig. 1. ' The is 
i UNFORTUNATELY for the tyro in eleetrical matters, | Length of armature shaft ....... |’ *"*"’ 18 " that when clamped together, the connec halves of in 
no rule or svt of rules exists in the literature of dynamo | Diameter of armature shaft.......... |. « the magnet will be practically the same as if made in- al 
j electric machinery which would enable him, with en- | Diameter of armature shaft bearings. .. os tegrally. a 
j tire confidence of success, to plan a new form of dy- | Length of parallel faces of armature.... 634 ‘ The 7 of the polar extremities of the magnet is 35 
namo, oreven to attempt to construct any one of the | Diameter of iron rings of armature core, inches in diameter, and the sides of the magnet Seder! be 
i well known forms. The available information general- 50 3 the bore are faced in the lathe to form a true support | 
j ly fails in some minor details, thus. in some degree, ob- Diameter of rings of armature core, in- for the bronze yokes supporting the ends of the arma- 
searing the whole subject, and awakening doubts as to ture shaft. These yokes are bored to receive the 
the best course to pursue, One wight follow such in- Thickness of RRR © ab = armature shaft, and faced in the lathe upon the sur- 
formation as closely as possible, and proceed so far as| Number of iron rings on armature core, 39 faces abutting against the sides of the magnet. The 
to make an operative machine, and yet it mnight — Diameter of wooden armature core..... im, * yokes are secured in their laces on the Inagnet with 
pen that no current could be evoked from it, simply | Length of wooden armature........ ee 65g ” their centers coincident with the axis of the bore of the 
for the want of specific knowledge as to how to secure Length of armature core.... 9." 6% * magnet. 
the first increment of magnetism necessary for starting | Number of divisions of the armature e armature shaft is fitted soas to revolve freely on 
the inductive process. 00006 24 its bearings, and there is a clearance between the peri- 
The writer knows a case in point where good work- Number of divisions of the commutator phery of the armature and the magnet of about one- e 
manship, proper proportions, and correct connections coves 24 eighth inch. 
failed of giving any results whatever. Naturally, re-| Length of commutator cylinder........ 3 - Upon the portion of the armature shaft lying be- 
winding was resorted to, but to no purpose. Other Width of brushes . 


tween the poles of the field magnet is placed the eylin- 
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Fie. 1.—EIGHT 


LIGHT DYNAMO. 


Size of wire on armature, No. 20 Am. 
W. G 


experiments were tried, with no better results, But, 


] der, of thoroughly seasoned hard wood of the size above 
finally, acting upon a hint given by a builder of dyna- i 


0°082 in. diam | given. Upon this wooden cylinder are placed the 
mos, the maker of the machine was out of his difficulty Length (approximate) of wire in each thirty-nine iron rings or washers, with intervenin 
almost in an instant. armature coil* ......., eT eh oe 25 feet. paper rings of the same size and about one thirty-second 

It is not the purpose of the present paper to treat on! Number of convolutions in each layer.. 8 inch thick. The iron rings are drilled at diametrically 
dynamos in general, but to sive, as fully as possible, | Number of convolutions in each coil.... 16 Opposite points to receive the brass rods by which the 
specific information as to the construction of & small) Number of layers in each coil..... |.’ 2 entire series is held together. These rods are each in- 
dynamo electric machine capable of supplying a cur-| Number of coils in each space of the ar- closed throughout their entire length in a tube of hard 
rent for eight sixteen-candle power incandescent fifty alana 2 rubber or paper, and the nuts on Opposite ends of the 
volt lamps, ora larger number of smaller incandescent | External diameter of armature....... |’ 334 inches rods are separated electrically from the end washers 
lamps of suitable resistance, or an arc lamp of ordinary | Weight of wire on armature 


a. 2f pounds by washers of insulating material, such as mica, vul- 
| BY 


power. The armature speed is 2,200 revolutions per | Diameter of ulley on armature shaft. . 345 inches canite, or vulcanized fiber. The arrangement of 
minute, and the machine ranning normally requires | Width of pulley on armature shaft... __ 2% Ci | the parts of the core of the armature is shown 
one horse power to drive it. The machine weighs 180 | Width of driving belt... .... 2 in Fig. 2. in which some of the iron rings have been 
pounds, and occupies a floor Space of 8 x 18 inches. Size of wire on. field magnet, No. 18 | separated, to more clearly illustrate the construe- 
The dimensions of the machine are tabulated below : 0°040 in. diam | tion. 
Height of field magnet..... ............ 18 inches Number of parallel wires ou each leg of The series of iron rings is secured to the wooden ¢ l- 
Length of field magnet waist 6 Bald inder and the shaft by two pins passing through the 
of field magnet waist... 53g of wire ou each leg of 8 rings, the wooden cylinder, and the shaft. 
Thickness of field magnet waist........ 1%.“ pars? The edges of the end rings are rounded, to prevent 
Depth of polar extremities from waist “ Weight of pounds from cutting of the wires. In two 
Width of polar extremities Sth tesereee GG tt The field magnet is made of two like parts of soft, | formed twenty-four equidistant radial slots, b (Fig. 3), 
Thickness of polar extremities .. | one-eighth inch deep and one-sixteenth inch wide. The 
Diameter of bore of polar extremities... 35; * This quantity varies a few inches with the different coils. armature core thus formed is covered over its entire 
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—— 
surface with adhesive tape, such as is commonly used |. 


by wire men for covering joints in conductors. The 
tape is wound spirally on the periphery of the core, and 
jsarranged radially on the end of the core, It is also 
wound spirally upon the shaft one and three-eighths 
inches in each direction from the ends of the arm- 
ature core. Into the radial slots, 6, are driven small 
wedges, @, of hard rubber, which are allowed to 
project three sixteenths inch beyond the periphery of 
eore. 
The winding of the armature is most readily done in 


Fie. 2.--PARTS OF ARMATURE CORE. 


a lathe, as shown in Fig. 3. The armature shaft with 
a dog attached is supported between the centers of the 
lathe, with dog in engagement with the face plate. A 
spool of No. 20 wire* is supported in a convenient posi- 
tion at the baek of the lathe, and after bending the 
end of the wire around one of the wedges, leaving 
about 4 inches projecting beyond the wedge, the wind- 
ing is begun. ‘lhe wireis carried by one hand along 
the surface of the armature core and through the space 
between two wedges at the opposite end of the core, 
corresponding with the space in which the coil was 
started. The other hand grasps the face plate of the 
lathe, and as the wire is earried across the end of the 
armature core, the face plate is dexterously turned 
through a half revolution, bringing the opposite side 
of the core uppermost. The wire is then laid between 
the two pairs of wedges diametrically opposite those 
embracing the wire on the other side of the armature. 
The wire is carried across the commutator end of the 
armature core, and the armature is returned to the 
position of starting by returning the face plate to its first 


ition, and the wire is laid alongside of the portion 
rst laid on. The wire is carried lengthwise around the 
armature in this manner until eight parallel convolu- 
tions have been laid on. This layer of wire will extend 
across the space between two of the wedges. In Fig. 
4 the inner layer, B, is represented as being raised from 
the core, to more clearly show the position of the wire 
on the armature. and the inner and outer coils are 
widely separated ; but it will of course be understood 
that these wires are to lie as closely as ible to the 
core in the working machine, The beginning or inner 
terminal, E, of the coil, B, is represented in black. In 
Practice, this end of the wire is always coated with 
colored varnish as soon as the coil is complete, and be- 
fore the two ends of the coil are twis together, as 
they always are temporarily, for convenience in wind- 
ing, so that there cannot be a mistake as to which are 
€ inner and outer ends of each coil. 

After winding the inner layer of the first coil, the 
Winding is continued, forming the outer layer, D, on 
top of the inner layer, by winding in the same direction, 
but returning by the successive coils of the second layer 
toward the point of starting. When the outer layer is 
complete, the wire is cut, leaving a projecting end about 
4inches long. The colored or inner end of the wire is 
now twisted with the outer or uncolored end. In this 
manner, the first coil is placed in the spaces 1, 1, of the 
armature. It will be observed by reference to Figs. 4 
and 5 that the two halves of each coil are arranged 
across the end of the armature on opposite sides of the 
Shaft. This secures a compact end and a minimum 
amount of dead wire. 


8, 8, and so on, until twelve coils are wound upon the 
core. These coils half fill all of the pairs of spaces 1, 1, 
2, 2, 8, 8, ete , to 12, 12, with terminals, A, E, projecting | 
from each space around one-half of the periphery of 
the commutator end of the armature, the end of the 
armature 
indicated 
When the armature1s half filled, the winding is con- 


Fiu. 3.—METHOD OF WINDING. 


1,1, in the manner. 


After placing one coil in s 
deseribed, spaces 2, 2, are filled in the same way, then 


* The wire used is the best cotton covered magnet wire. 


tinued in exactly the same manner and in the 


same direction as before, forming a coil of two 


resenting an appearance which would be | 
G Fig. 5, if the coils, @ F, were omitted. | 


layers, F, G, in spaces 1, 1, on top of the first coil, 
B, D, leaving projecting terminals, as in the case of 
the first series of coils. SPhen a similar coil is formed | 
on top of the coil in spaces 2, 2, and so on, until each | 


ir of spaces contains two coils, ove superposed on) 
the other, every coil being formed.of two layers of wire, | 


with eight strands in each layer. 
It is advisable, before winding the outer series of 


Fie. 5.—STARTING THE OUTER SERIES OF COILS. 


coils, to bind the inner series close to the core by a 
winding of stout linen thread at three equidistant 
points in the length of the armature. Asa guard 
against the possibility of short circuiting, the terminals 
of each coil, where they are in contact with each other 
or with other portions of the wire, should be provided 
with an extra wrapping of cotton. 

To avoid the destructive effects of centrifugal foree, 
the armature, after winding, is encircled at three equi- 
distant points in its length by three bands, each con- 
sisting of 8 or 10 convolutions of unannealed No. 30 brass 
wire, drawn tightly, and soldered at numerous points. 
A band of adhesive tape is interposed between the 
brass wire and the conductor of the armature. The 
armature thus constructed is known as the Siemens or 
Hefner-Alteneck armature. 

‘There is another method of constructing the core of 
the armature which yields good results, but is, in some 
respects, inferior to the one described. The armature 
shaft earries a spool of well seasoned wood or other 
non-magnetic material, upon which is wound varnished 
ots iron wire—the wire being used instead of the iron 

ngs. 

The making of a good commutator is not the smallest 
item in the construction of adynamo. It isa very im- 
portant part of the machine, requiring good workman- 
ship and the best of materials. 

The commutator cylinder in a machine of this class 
is formed of a series of bronze bars, separated a short 
distance from each other, and carefully insulated. On 
the eight light dynamo it is 1144 inches in diameter and 
2 inches long. he bronze sleeve, A, which is fitted 
to the shaft and provided with a fixed flange and a set 
screw at one end, is screw threaded at the op- 

ite end to receive the screw threaded bronze 
ange, B. On the sleeve, A, between the fixed flange 
and the removable flange, B, is placed a vulcanite 
sleeve, C, and to the ends of this sleeve are fitted two 
collars, D, of vuleanized fiber or analogous insulating 
material. These collars are beveled on their inner sur- 
faces, and are thickest at their peripheries. To the 
vuleanite sleeve, C, is fitted a bronze cylinder, E, hav- 
ing conical ends, fitted to the beveled collars, D, as 
shown at 5 in Fig. 6. The bronze cylinder is slitted 
longitudinally in a gear cutter, or in any other con- 
venient way, so as to divide it into 24 equal divisions, 
the slits extending nearly through the cylinder, as 
at 1. Before the bars are separated they are 
marked with figure punches, in regular order from 1 to 
24, so that they may be rearranged after separation. Be- 
sides this, a sheet of mica is selected which can be 
crowded into the slits. Now, if the slits have been 
made — enough, the bars may be broken off one 
after another, and the fin may be removed with a file ; 
but if the bars cannot be broken off in this way, they 
may be removed by means of a hack saw, as shown 
at 2. 
As many strips, F, of mica are cut from the sheet as 
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there are bars in the cylinder, the mica strips being 
made a little wider than the bars and of exactly the 
same length, as shown at 3. 

The commutator bars thus formed are placed be- 
tween the coliars, D D, in alternation with the mica 
strips, with the bars arranged according to their num- 
bers. The flange, B, is then serewed up tightly, clam 
ing all the bars and the mica strips firmly in their 

laces, each bar being thoroughly insulated. The hs 
inder thus made is placed upon an arbor and carefully 
turned off to bring it to a true cylindrical form. After 
turning, each bar is drilled near one end to receive the 
brass screw by which the armature wire is connected 
with the commutator bar. 

The commutator eylinder, now finished, is secured 
by the set screw in its place on the armature shaft, | 
with the serews adjoining the body of the armature. 


Fie. 6.—THE COMMUTATOR CYLINDER. 


Now, for convenience in handling, the armature 
shaft is placed in the lathe, and the inside and outside 
terminals of one coil are carefully straightened out par- 
allel with the sides of the armature, and their ends are 
stripped of the insulating covering for a short distance 
and thoroughly scraped. The screws in two of the 
commutator bars, say 1 and 2, are loosened so as to per- 
mit of aps the looped ends of two wires under 
them. The outer terminal of the coil is connected 
with one of the screws, and the inner terminal of the 
same coi! is connected with the screw in the next bar 
in order in the commutator cylinder. The outer term- 
inal of the second coil is connected with the screw last 
referred to, and the inner end is connected with the 
screw of the next bar in advance, and so on around the 
entire commutator eylinder, the outer end of each coil 
being connected with inner end of the adjacent coil 
and with a bar of the commutator cylinder by one of 
the screws, as shown in Fig. 7. 

The brushes which bear upon opposite sides of the com- 
mutator cylinder are each made of six thin strips of 
hard rolled copper, thirteen-sixteenths inch wide and 


} 


“af 


b 
| 
Fie. 8.—THE CIRCUIT OF THE DYNAMO. 


three inches long, split from their. free ends toward 
their clamped ends, to render them more elastic. The 
brushes are clamped in mortised studs passing through | 
holes in the ends of a bar fitted to and adjustable on a| 
boss formed on the inner side of the bronze yoke 
around the shaft. By this arrangement the brushes 
may be adjusted for taking off the current to the best 
advantage. The mortised studs which hold the brushes | 
are separated electrically from the bar by insulating | 
thimbles and washers, aud upon the outer ends of the| 
studs are screwed binding ts, in which are inserted 
conductors, bent into spirals to permit of the adjust- 
ment of the brushes. One of Bowie conduetors com- 
municates with one of the binding posts on the ma, | 


chine base, while the other communicates with one of 
the rods extending to the top of the field magnet. The 
remaining binding post on the base is connected with 
the other vertical rod, extending to the top of the inag- 
net. These vertical rods are connected with the ter- 
minals of the winding of the field magnet, as shown in 


Fig. 1. 

Tine circuit of the machine is clearly shown in Fig. 8, 
the current passing from the armature, C, through the 
upper brush, thence to the top of arm, A, of the mag- 
net, down that arm, then up to the top, then down 
the arm, B, and up, then downward to the base of the 
machine, terminating at a. The lower or remaining 
brush is connected with conduetor, b. From the ter- 
minals, a 6, the current is taken off for use. 

The portions of the field magnet to be covered with 
wire are carefully covered over with one thickness of 


Fie. 7—CONNECTIONS OF THE ARMATURE COILS AND 
COMMUTATOR CYLINDER, 


cotton cloth, which is made to adhere by means of 
shellac varnish, and the shoulders of the magnet are 
lined with leather board, or thin sheets of vulcanite, 
or vuleanized fiber. The object of thus covering the 
field magnet is to insure good insulation. 

In Fig. 8, for the sake of clearness, only a single con- 
ductor is shown on the field magnet, but in practice 
there are four, each conductor passing down and up 
once on each arm of the magnet; that is to say, there 
are eight layers ef wire on each arm of the magnet, 
formed of four wires, each wire being laid on by begin- 
ning at the yoke, winding down to the shouider of the 

»lar extremity, then up again to the top, leaving the 
inside and outside ends projecting, as shown in . 9 
The winding is best done in a lathe. 

In the present case all of the inner ends of the wires 
of the arms of the magnet are connected together, and 
all of the outer ends of one arm of the magnet are con- 
nected with one of the vertical rods, while the outer 
ends of the wires of the other arm are connected with 
the other vertical rod, as shown in Fig. 1. 

By winding the field magnet with No. 18 wire in the 
manner ribed, several advantages are secured, one 
of which is the facility with which the work of wind- 
ing may be done; anothers the possibility of conneet- 
ing the wires in different ys, 80 as to secure more or 
less resistance in the magnet. Another is that the 
wires may be conveniently connected up according to 
the various methods of winding, compound, shunt, 
series, ete. 

As shown in the engravings, all of the wires of the 
field magnet are in parallel circuit, practically forming 
a large conductor of small resistance, and the conduc- 
tor thus arranged is connected in series with the arma- 
ture. that is, the current from the armature passes di- 
rectly through the field magnet and external cireuit. 

If the dynamo is intended to be always used asa 
series machine, a winding of four layers of No. 12 wire 
on each leg may be substituted for that above de- 
scribed ; the resistance of the No. 12 wire being equiv- 
alent to that of the four parallel No. 18 wires. 


chine, and no further manipulation other than the ad- 
justinent of the brushes is erm The brushes 
should be adjusted to a point where the least sparking 
is produced. This will not vary much from the origi- 
nal position. The machine from which the engravings 
were made produces no noticeable sparks at the com- 
mutator. 

If the machine fails to start, when tried in the man- 
ner above indicated, a battery of four or five Bunsen 
cells must be connected with the binding posts, or a 
dynamo may be used instead of the battery. - It some- 


times requires a few minutes to start the current, but 
as soon as it begins, the battery should be removed. 

Some care is necessary in handling the conductors, 
as it is quite possible to receive a severe shock from 
this machine. 

Upon theannexed outline engravings—which are half 
size linear—are marked the dimensions of the several 
parts of the eight light dynamo ; and as all of the di- 
mensions may be taken from the figures there given, 
or frouractual measurements of the drawing doubled, 
it will be unnecessary to go into further particulars re- 
garding sizes. 

The armature core shown in Fig. 14 requires a brief 
description. This core may be substituted for the one 
before described. To the armature shaft are secured 
two brass disks provided with shoulders on their inner 
faces which support a thin hollow cylinder or tube of 
iron or brass. This cylinder and the inner faces of the 
brass heads are covered with adhesive tape, and upon 
the spool thus formed No. 20 soft iron wire— previously 
varnished and dried—is wound in uniform layers until 
the core is of the proper diameter. The end of the iron 
wire is secured by scraping it and soldering it to the 
adjacent coil. The brass heads are slit radially to 
receive the vuleanite wedges as in the other case, and 
the entire core is well covered with adhesive tape, 
when the winding may be proceeded with. » 

As before mentioned, the winding of the field magnet 
with four parallel wires permits of arranging the mag- 
net in various ways to secure a good automatic regula- 
tion of the current. The circuit of the machine as 


Fie. 9.—SECTION OF ONE ARM OF THE FIELD MAGNET, 


SHOWING 


Suing made the dynamo and connected it up in the 
manner described, the brushes are to be brought into 
contact with the commutator cylinder at points dia- 
metrically opposite each other, and at points about op- 
posite the center of the space between the polar ex- 
tremities of the field magnet. The armature is revolved 
in the direction of the free ends of the brushes, and in 
the binding posts on the base are inserted short wires, 
which may be brought into contact with’each other 
momentarily as the armature revolves. 

If a spark is seen on the separation of “ne wires, it 
shows that the pa ery inherent in the iron of the 
field magnet is sufficient for the starting of the ma- 


WINDING. 


arranged in Fig. 1 is shown diagrammatically in Fig. 17, 
——— of comparing it with the diagrams that 
follow. 

Fig. 2 shows the machine arranged as a shunt dyna- 
mo,* in which the terminals of the field magnet are 
connected with both commutator brushes, so that part 
of the current s around the magnet and part 
through the external cireuit. In this arrangement, 
however, the four wires of the field magnet are ar- 
ranged in series, that is, terminal, 1, of the leg, A (see 
Fig. 1), is connected with one of the commutator 


* Introduced by Wheatstone. 
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brushes - 2is connected with 5, 3 with 6, and 4 with 7; | In Fig. 20 is represented an arrangement of cireuits* | the remaining wires should be connected with the ar- 
’ with 8 of the leg, B, and 1 is connected | in which are combined the features of Figs. 17 and19.| mature and external circuit in series, as indicated by 


nected 
Sith the remaining commutator brush ; 2 is connected | In this case three of the wires of each leg of the magnet 
with 5, 3 with 6, and 4 with 7. Resistance must be} are connected together in series, and also connected in 
between one of the terminals of the magnet] series with the armature and with some resistance ; 
and the commutator brash, to prevent too much of the! the remaining wires of the legs of the magnet are con- 


the heavy line. 

The arrangement shown in Fig. 23 * is similar to that 
last described, but in this case the shunt is much A 
er, and is across the external circuit. T 
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(Figures represent full size in inches.) 
12.—Cross Section of Waist of Magnet. 13.—One Ring of the Armature. 


PARTS OF THE EIGHT LIGHT DYNAMO—HALF SIZE LINEAR 
10.—Side of Field Magnet. 11.—End of Field Magnet. 


current from passing through the wire of the magnet. 
The exact resistance required must be determined by 
experiment. It is about 20ohms. A very interesting 
experiment consists in placing about six 50 volt lamps 
in parallel, in the shunt between the magnet and 
armature. When the external current diminishes, and 
the current increases in the shunt, the glow of the 

ps increases from a dull red to ineandescence, and 
versa. 


nected together and with an independent generator |System cannot be applied to the eight-light dynamo 
sending a current in the same direction as that from | Without applying a considerable length of fine wire to 


the armature of the dynamo. 

In Fig. 21 is shown an arrangement in which the ar- 
mature of a magneto-electric machine is included in 
the cireuit of the dynamo when the dynamo is arranged 
as a series machine. 

Fig. 22 shows an arrangement of circuits in which the 
regulation is secured by combining the series and shunt 


(Figures represent full size in inches.) 


WIRE ARMATURE CORE—HALF SIZE. 
This is 


chine for use by hand power. 


probably the best way to arrange the ma-|systems.t To adapt this system to the eight-light dy- 


namo, the three of the magnet wires in series, ineludi 


In Fig. 19 is shown the machine in which the field| some resistances, should be connected asa shunt, 


tengnet is arranged to be excited by a genera- 


» Such as a battery or another dynamo. 


* Due to Wilde, 


* Due to Depretz. 
+ This arrangement was devised by Perry. 
t Invented by Brush, 


| the coils of the field magnet. This is probably not ad- 
| visable in the case of this wachine. 
| In Fig. 24 is shown a system + of circuits in which 
the field magnet of the shunt machine shown in Fig. 18 
| is furnished with a conductor (shown in dotted lines), 
through which a current from an external source 
a to constantly maintain the minimum of magnet- 
zation, the variation necessary to insure regulation 
being secured by the shunt. 

In Fig. 25 is shown a combination of the shunt and 
magneto above described. 

By the carefal use of extra resistance, most of the 
above systems may be tried en on the 
eight-light dynamo with success. It will be found on 
trial that the current will not start with less than three 
lamps in parallel in the circuit when the magnet 
and armature are in series. It will run eight 50 volt 
lamps successfully. When the machine is connected 
up as shown in Fig. 18, it will ran from a single 50 volt 
lamp up to its full capacity. 

method of connecting up the 50 volt lamps is 
shown by the annexed diagram : 


Commutator 


~ 


| 
Twenty-five volt lamps may 
BET IOS po eight in 1 


” 
Y 1 1 Y 
/ 
BY 
Y oO 4 lamps. 
be connected up two in 
lollows : 
00 0 0 0 oO lamps. 
ne; Commutatoro | | | | | | | | 
00000 0 o lamps 
t Depreta, | 
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Fie. 15.—YOKE, COMMUTATOR BRUSHES, AND ARM. Fia. 16. —YOKE SUPPORTING 
THE PULLEY END OF SHAFT—HALF SIZE. 


The resistance of the field magnet with the four wires 
of each leg parallel is 0°086 ohm. The resistance of 


the field magnet with all the wires in series is 14 ohms. 
The resistance of the armature is 1°8 ohms. 
The resistance of the machine arranged as a series 


ae 


Fia. 28. Fie. 2 Fra. 25. 
Fie. 17.—Series. Fie. 18.—Shunt. Fie. 19.—Sepa- 
rately Excited. Fira. 20.—Series and Separate. 


Fi@. 21.—Series and Magneto. Fie. 22.—Series and 


Shunt. Fie. 23.—Series and Long Shunt. Fie. 
24.—Series and Separate. Fia. 25.—Shunt_ and 
Magneto. 


dynamo, with the wires of the magnet parallel, is 
1°886 ohms, 

This machine yields a 10 ampere current having an 
electromotive force of 60 volts. 


EFFECT OF THE ELECTRIC LIGHT UPON 
BOOKS. 


Pror. WIkSNER, of Vienna, has just called atten- 
tion tc an inconvenience attending the use of the elec- 
tric light in libraries. It has been found that a large 
number of works in the library of the Technical School 
had become very yellow, and this led the director of 
the establishment to ask Prof. Wiesner to ascertain 
the cause of it. Experiment has shown that the colora- 
tion is due to light, but that it occurs only with paper 
eontaining ligneous substances, such as wood, straw, 
and jute, and that it does not take place when, through 
some chemical process, the lignine that forms the 
essential part of the wood is removed. he yellowing 


itself exerts but a very slight action when it is much 
diffused, and especially in a very dry room. 

Gas light is nearly harmless, by 
few refrangible rays that it contains. On the con- 
trary, as the are electric light, and, in general, all in- 
tense luminous sources, emit numerous refrangible 
rays, they favor the yellowing. As regards the pre- 
servation of papers, then, it will be well to choose gas 
rather than the electric light for the illumination of 
libraries.— Revue Internat. de l Electricite. 


THE UPWARD BATTERY. 


WE present herewith some data concerning the 
form of the Upward battery that is now in operation at 
Woodhouse & Rawson’s. In this model there is no 
longer any need of expelling the air that may enter, 
and but two elements are employed, the charging of 
the accumulators being effected continuously by 
means of a commutator connected with the battery. 


Fia@. 1. 


The gas always enters through the base of the ele- 
ments, and thus drives the air before it. It is asserted 
that there is no disemgagement of chlorine in the pile 
room. 

As may be seen in Fig. 1, the form of the elements is 
slightly modified. Each of them comprises eight car- 
bon plates connected for quantity, and five cleft cylin- 
ders of zine placed in porous vessels and connected 
with each other. 

But it is the retort (Fig. 2) that has been especially 
improved. The perforated vessel of terra cotta con- 
tains a sufficient quantity of binoxide of manganese to 
last for about three weeks. The daily charge of acid 
is easily introduced into the receptacle, which is inde- 
pendent of its cover, The acid is therefore never 
manipulated. It enters through a closed tube ending 


Fie 2. 


in a graduated reservoir, and the spent liquid flows in- 
toadrain. When it is necessary to renew the binoxide, 
the retort is washed with water, which enters through 
the same aperture that the acid does. 

The entire surveillance of this plant is reduced to 
the daily maneuver of two cocks, and to a renewal, 


| 


from time te time, of the eharge of binoxide, an opera- 
tion which, as we have seen from the description of the 
retort, is very easily performed. It seems certain, then, 


is due to a phenomenon of oxidation. Solar light acts that this battery may be confided to the care of ordinary 
more energetically than dispersed daylight, which| workmen.—La Lumiere Hlectrique. 


reason of the| 
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Ph.D.—A new motor for utilizing waste pewer of large streams.—1 


Rule for Measuring the Gauge of Railroads.—An Austrian in- 
strument giving width and level of track.—1 illustration. .......... STT 


Ill. METALLURGY.—Nickel and its Alloys.—Manufacture and pro- 
perties of these compounds, with tables of analyses.... 
The Hardness of Metals.—By Mr. THOMAS TURNER.—An inter- 
esting review of the work of different investigators of this difficult 


The Herbertz Cupola.—A cupola with adjustable hearth and an- 
nular air opening ; extraordinary economy of fuel attained by its 


Exhibition of Flax Cleaning Machinery in Chili.—Note of a prize 
exhibition, of interest to inventors... ....... WT 


V. NAVAL ENGINEERING.—New German Torpedo Boats.—The 
torpedo cruisers 


VL. ORDNANCE.—Elswick Exhibits of War Materials at the Newcas- 
tle Exhibition.—The guns and appliances from the famous Arm- 
strong works.— Exhaustive account of large and small guns.—9 illus- 


VIL SANITARY ENGINEERING.—Filter Press for Sewage Sludge. 
—The Drake-Muirhead apparatus, with its maripulation.—3 tlus- 


VILL. TECH NOLOGY.—Manufacture of Wire Ropes.—Full descrip- 
tion of the process, from drawing the wire to twisting the ropes.—4 

The Manufacture of Gas from Paraffine Oil.—By Prof. W. [vison 
MACADAM.—Account of an interesting and laborioas investigation, 
with tabular statement of resuits.—Difficulty of prod ng a true 


PATENTS. 


In connection with the Seienmtifie American, Mesers. Munn & 
Co. are solicitors of American and Foreign Patents, have had 42 
experience, and now have the largest establishment in the world. Paten® 
are obtained on the best terms. 

A special notice is made in the Sclentifie American of all invem 
tions patented through this Ageney, with the name and residenee of the 
Pa By the i cireulation thus given, pubhe attention is db 
rected to the merits of the new patent, and sales or introduction ofte® 
easily effected. 

Any person who has made a new Com or invention can ascertaim 
fn of shares. whether a patent can probably be obtained, by writing @ 

& Co. 

We also send free our Hand Book about the Patent Laws, Patenta 
Caveats, Trade Marks, their costs, and how procured Address 


Munn & Co., 361 Broadway, New York. 
Branch Office, 622 and 624 F St., Washington, D. C. 


THE SCIENTIFIC AMERICAN 


Architects and Builders Kaition, 


$2.50 a Year. Single Copies, 25 Cents. 


This isa Edition of THE SCIENTIFIC AMERICAN, issued monthly 
h hb number contains about forty large 
book pages, formi 


perspectiv 

tions, Costs. Bills of Estimate, and Sheets of Detai's. 
No other building paper contains so many 

tions presente® as the SCIENTIFIC AMERICAN. 

ready been 


ving homes, or erecting structures of any kind, have before them 
Pris work an almost endless 

make se'ections, thus saving time and money: 

Many other subjects, including Sewerage, !’iping, Lixhting, Warming, 
Ventilating, Decorating, Laying out of Grounds. etc. are illustrated. AB 
extensive Compendium of Manufacturers’ Announcements is ulso gtvem 
in which the most reliable and approved Building Materials, Goods. } 
chines. Tools, and Appliances are described and illustrated, with addre 
es of the makers, etc. 

‘The fullness, rich heap and conveni of this work have 
pay Lat Largest Circulatien of any Architectural p 

Ww 
MUNN & CO., Publishers, 361 Broadway, New York. 

A Catalogue of valuable books on arqpttoctare, Building, Carpentry, 

ion, 


Masonry, Heating, ing. Ventilation, and all ot 
industry, rtaining t» the art of 
apy 


BUILDING PLANS and SPECIFICATIONS. 


In connection with the publication of the Bui.piNe Eprrion of the 
SCIR\TIFIC AMERICAN, rs. Munn & Co. furnish plans and 
dalldinas of every kind, ding Churches. res, 

ellings, Curringe Houses, Barns. etc. 

In this work they are assisted by able and experienced architects. Full 
| details, sod specifications for the various buildings {-lustrated in 
pa can supp! . 

} Those who contemplate building, or who wish to alter. improve, extend, 
or add to existing buildings, whether wings, paahes. bay windows. of 
| attic rooms, are invited to communicat- with the undersigned. Our wot 
exends to ali parts of the country. Estimates, plans, and drawitg? 
| promptly prepared. mode 


rate. Address 
MUNN & CO., 361 Broadway, New Yorks. 


tly built by Herr Schichau.—t illustration... 96m 
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: i IV. MISCELLANEOUS.—Composition of Mercury.—Note by A. C. 
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Practically, a large and splendid Magazine of Arc hiiecture, richiy ds 
adorned with elegant in colors and with fine illustrat. 
\ ing the most interesting examples of modern Architectural ( oastruc 
4 tion and allied subjects. 
\ A *pecia! feature is the presentation in each number of a variety of the 
\ latest and best plans for private residences, city and country. q 
x those of very moderate cost as well as the more expensive. wings im 
- 
e huve issued 
“ch th during the past year, and many others are in process of construction. 4 q 
‘ Arehitects. Builders, and Owners will find this work valunble in furnish- as 
fresh and useful suggestions wh ntemplate building or im- | 
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| 
— 
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